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ABSTRACT

THE SEQUENCE OF BONE STAINING AND ITS APPLICATIONS TO THE
POSTMORTEM INTERVAL
by
Kelly A. Sauerwein, B.A., M.A.

Texas State University-San Marcos
May 2011
COMMITTEE CHAIR: MICHELLE D. HAMILTON
Taphonomic analyses have become a fundamental aspect in forensic anthropology,
especially in the estimation of time since death in medicolegal investigations. As a result,
more emphasis has been placed on examining the specific taphonomic agents
encountered by forensic anthropologists and law enforcement. This thesis examined the
causes and sequence of one such taphonomic agent, bone staining. While staining has
been reported in the literature, detailed quantitative data on its causes and sequence is
limited. Therefore, this study analyzed the patterning, timing, and properties of bone
stains to determine if estimates of the postmortem interval, or time since death, can be
accomplished. The appearance and progression of bone staining were also examined
utilizing fleshed and skeletonized porcine remains that were be placed in a burial
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depositional context. Over a period of five months, visual and photo- documentary
observations were made and characteristics pertaining to bone staining such as color,
location, and timing were recorded. Results indicated that although changes in bone
color occurred, a sequence of bone staining that could be utilized for time since death
estimations could not be determined. However, this does not prevent such a method as
proposed here from being expanded and improved upon by forensic anthropologists and
others within the medicolegal community.

xi

CHAPTER I: INTRODUCTION

Determining an individual’s time since death, or the postmortem interval (PMI),
is a fundamental component in medicolegal and forensic anthropological casework
(Haglund and Sorg 1997; Stewart 1979). When human remains are deposited in outdoor
contexts, the skeletal remains can undergo a number of modifications, including changes
in texture and color staining, that reflect the surrounding environment. Bone staining is
often referenced in forensic anthropological investigations (Calce and Rogers 2007;
Huculak and Rogers 2009; Jaggers and Rogers 2009; Sauer 1998), but the taphonomic
agents that cause it still require systematic study. Taphonomic agents include geological
and biological processes that affect organic remains and are responsible for the
modification of these remains from the point of death until recovery (Efremov 1940;
Ubelaker 1997).
Taphonomic effects on remains are not limited to single causes, but comprise a
multitude of sources, including both natural processes and human and animal
interference. Natural taphonomic agents include water exposure (Marshall 1986);
weathering (Behrensmeyer 1978; Lyman and Fox 1997); temperature and humidity
(Behrensmeyer 1978; Galloway 1997; Micozzi 1997); depositional context such as
burial, surface, or aquatic settings (Brooks and Brooks 1997; Huculak and Rogers 2009;
Ubelaker 1997); and flora, including bioturbation and root etching (Hall 1997; Lyman
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1994). Animal and human effects include trampling (Andrews and Cook 1985;
Behrensmeyer et al. 1986); faunal bioturbation (Wilder 1923); gnawing, breakage and
digestion of bone and marrow (Haglund 1997; Klippel and Synstelien 2007; Reeves
2009); the effects of bacteria (Brothwell and Gill-Robinson 2002; Forbes 2008; Schultz
1997); and human modifications such as cutmarks, tool usage, and mortuary rituals
(Holland et al. 1997). Each of these factors can affect bone in different ways. Some, like
carnivore and rodent gnawing, change the overall morphology of the bone through the
removal of epiphyseal ends, pitting, denting or otherwise wearing away bone surfaces
(Haglund 1997; Klippel and Synstelien 2007). Other taphonomic agents can alter the
color of bone, causing stains both on the surface and deep into the cortical bone (Huculak
and Rogers 2009). Taphonomic agents can also be responsible for the loss of skeletal
elements. Scavengers can scatter remains (Reeves 2009), carnivores can consume
remains (Haglund 1997; Klippel and Synstelien 2007), and environmental conditions
such as humidity, temperature, and the amount of sun exposure can degrade bone
(Behrensmeyer 1978). A thorough knowledge of the many aspects of taphonomy is
critical for understanding the origins and timing of bone modification.
Some taphonomic agents have been more thoroughly researched than others.
Most of the studies that examine taphonomic modifications tend to focus on animal
activity (Haglund 1997; Reeves 2009); perimortem and postmortem fracture patterns
(Andrews and Cook 1985; Calce and Rogers 2007; Wieberg and Wescott 2008); and the
effects of various depositional and environmental contexts on decomposition rates
(Brothwell and Gill-Robinson 2002; Galloway 1997). One area that has received very
little attention is bone staining and its environmental causes. It is simply assumed that
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soil causes bone staining to occur, but other causes, influential variables, and the rate of
staining have been poorly addressed (Haglund, Connor and Scott 2002 Ubelaker 1997).
Understanding the process of bone staining and the agents responsible for its occurrence
may be critical for establishing a depositional sequence. For example, the rate and
sequence of staining (i.e. when and where it appears, rate of spread, etc) may be useful in
estimating PMI because stains may form at a predictable rate. Those few studies (Calce
and Rogers 2007; Huculak and Rogers 2009; Jaggers and Rogers 2009) that have focused
on bone staining have provided only qualitative, sometimes contradictory, information on
the staining effects of the decompositional process, hemolysis, depositional context,
environment (e.g. temperature, humidity, amount of sun exposure), organic matter (e.g.
fungi, bacteria), and soil characteristics (e.g. acidity, moisture). This thesis sought to
identify the causal factors that affect bone staining and determine their potential for
estimating the postmortem interval. Specifically, environmental variables such as
ambient temperature, humidity, soil temperature, and soil chemistry were analyzed to
discover what influence they had on the staining of remains. The color of the stains
themselves was quantitatively analyzed to see if any pattern developed that could shed
light on the estimation of the postmortem interval. A color scanner was used as an
objective means of color analysis for the bones and soil samples were chemically
analyzed to see if any of its properties would influence the color outcomes and hence the
timing of staining events. Environmental variables such as humidity, ambient
temperature, and soil temperature were assessed for their potential role in the
development of stains on bone with the ultimate goal of determining the potential of bone
staining as a method of PMI estimation.

CHAPTER II: REVIEW OF RELEVANT LITERATURE

HISTORY OF TAPHONOMY
While the Russian geologist I. A. Efremov (1940) is typically considered the
father of taphonomy, American physical anthropologist Harris Wilder (1923) actually
pioneered the field 17 years prior in his examination of Native American burials in
southern Massachusetts. Although the term taphonomy was absent from his analysis,
Wilder (1923) discussed not only how the decomposition process alters the position of
skeletal elements, but also how burrowing animals, insects, root growth, rain, and gravity
contribute to the movement of organic remains. Wilder (Wilder 1923) called this process
necrodynamics, or necrokinetics, the movement of remains both animal and human.
Although Wilder initially recognized these processes, his contribution was greatly
overshadowed by Efremov (1940) who later developed the field of taphonomy within
paleontology.
Efremov (1940) proposed taphonomy as a new approach to the postmortem
modification of faunal remains. He discussed the laws of embedding, or the process by
which remains transition “from the biosphere [living world] into the lithosphere
[geological world]” (Efremov 1940:88) He examined the modifications that remains
underwent between deposition and fossilization and recommended the extensive study of
the physical conditions in which remains are found. These conditions included
transportation factors, decay patterns, sediment analysis, and assemblage characteristics
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(e.g. number and age of individuals, location). He emphasized a thorough examination of
the factors that affected the organism during life such as diet and environment and the
physical and chemical interactions that affected the organism after death (Efremov 1940).
Specifically, he urged researchers to take note of these characteristics as they could be
used to elucidate the conditions under which particular species existed. Unlike Wilder,
Efremov’s work was limited to faunal remains and no indication was made that this new
field of taphonomy might be applicable to the analysis of human remains.
As mentioned previously, although Wilder (1923) came out of an anthropological
perspective, his conclusions went unnoticed in favor of Efremov’s more directed
application of similar principles to the field of paleontology. In paleontology, taphonomy
was concerned with the processes responsible for an organism becoming part of the fossil
record and, as a result, how the processes then affected the quality and quantity of
information available in that record. Only recently has taphonomic analysis of human
remains emerged as a vital component in understanding past behavior and environments.
From paleontology, principles of taphonomic research spread to archaeology as
its application to the understanding of human modifications of organic materials (e.g.
faunal remains) was recognized (Ubelaker 1997). With the publication of Haglund and
Sorg’s (1997) Forensic Taphonomy: The Postmortem Fate of Human Remains and its
follow-up Advances in Forensic Taphonomy: Method, Theory, and Archaeological
Perspectives (Haglund and Sorg 2002), these principles have begun to be systematically
applied to forensic contexts. In their recent evaluation, Dirkmaat, Cabo, Ousley and
Symes (2008) concluded that forensic taphonomy played a large role in making forensic
anthropology a relevant field, as the contextual analysis of a forensic scene was critical to
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an accurate interpretation of the evidence. Understanding taphonomic agents was
necessary for distinguishing human from animal modifications, and perimortem from
postmortem changes.
There has been a shift within forensic anthropology towards a greater
incorporation of taphonomic analyses (Dirkmaat et al. 2008; Haglund and Sorg 1997;
Haglund and Sorg 2002; Ubelaker 1997). It is now apparent that an understanding of the
processes involved in taphonomy is crucial to the reconstruction of deposition and PMI.
As a result, more emphasis has been placed on examining the specific taphonomic agents
that forensic anthropologists encounter in casework. One such agent is bone staining, and
while quantitative examination is lacking, research-to-date has examined staining from a
variety of qualitative perspectives.

TAPHONOMIC FACTORS AFFECTING BONE STAINING
Bone Color
Before a thorough discussion on how bone color changes as a result of
taphonomic agents, the baseline condition of bone must be considered. Schafer (2001)
investigated the natural color of the human skull and its correlations with age and
diabetes. In general, the average human skull was relatively colorless with a slight yellow
tinge. Gruspier (1999) reported that bones of diabetics tended to be a bright yellowish
color. In contrast to this, Schafer (2001) found no association between the color of the
skull and diabetes. He did find, however, a positive correlation (r = .897, p<0.01)
between color and age whereby the skulls of older individuals demonstrated significantly
greater yellowing than those of their younger counterparts. Additionally, Schafer (2001)
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discovered no significant difference between the coloration of the inner and outer
surfaces of the skull. While this study may not have examined the natural color of the
human skull in its truest sense and no mention was made of any tissue removal processes
that may have altered the color of the bone, this study was one of the only ones of its kind
that undertook a systematic and quantitative analysis of bone color. Schafer’s study also
attempted to document color change in human bone as a viable indicator of postmortem
color alteration. For example, if one encountered a yellowed skull in a forensic context
from an older individual, then the color might not hold much taphonomic importance.
However, a deep yellow on a younger skull or any other color changes, such as brown or
reddish staining, might indicate that other agents led to the discoloration. The agents
responsible for color change might include fluids from the decompositional process,
blood, the specific depositional context the remains are placed in, and various
environmental factors, among others.
Decomposition
As the human body breaks down and decomposes, various fluids and gases are
released (Gill-King 1997). It is believed that during this process, decompositional fluids
may discolor the bone surface and be visible on bone long after the decomposition
process is completed. Huculak and Rogers (2009) investigated this assumption using pig
humeri (Sus scrofa). They concluded that there was some qualitative evidence that
decompositional fluid affected surface color, with small, localized, dark, reddish-gray
stains left on some of the bones. The remains were left decomposing for a total of eight
weeks, and stains were noticed at the time of recovery. While this provided evidence that
decompositional stains were visible at eight weeks postmortem, the first onset of a stain
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and its longevity were unknown. Therefore, its impact on estimating PMI was also
unknown. Unfortunately, Huculak and Rogers (2009) reported no differential effects of
depositional context on the presence or absence of decompositional staining due to
scavenging of the surface deposition remains. Therefore, while it appeared that
decomposition caused staining, the conditions under which it occurred were
undocumented.
Hemolysis/Blood
Hemolysis is the destruction of red blood cells, leading to the discharge of
hemoglobin. The exposure of bone to blood is assumed to have staining properties that
are visible after skeletonization. Introna Jr., Di Vella, and Campobasso (1999) examined
the relationship between PMI and blood remnants in bone. Using luminol, an alkaline
solution that reacts to hemoglobin, Introna Jr. et al. (1999) were able to determine a PMI
sequence based on the strength of the light emitted during luminol analysis. A recent PMI
(i.e., less than 10 years) was typified by a very intense luminol reaction, 10+ years PMI
displayed a less intense reaction than recent remains and so exhibited less positive results
(i.e. less positive indicators of the presence of hemoglobin), and remains with a 25+year
PMI did not indicate blood present (i.e. negative result) in 70% of cases. This
demonstrated that blood remnants in and on bone degraded over time and therefore made
reconstructing the PMI more difficult after longer periods. While Introna Jr., et al.’s
(1999) study did not involve visible staining, its application to establishing PMI holds
promise for future studies and a possible refinement of the PMI timeframe. Huculak and
Rogers (2009) also examined hemolysis staining and found that this process produced a
dark, reddish-brown stain on bone in up to 68% of their sample. While this addressed
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visible surface staining, its occurrence in only part of their sample and its application to
PMI were not discussed. Thus, additional research is necessary to explore visible
hemolysis staining of bone.
Depositional Context
The context in which remains are placed (e.g., buried, surface, aquatic) appears to
have some anecdotal connection to the amount of visible bone staining. Ubelaker (1997)
noted that bone staining could be a helpful tool in reconstructing the depositional
environment. He mentioned that bleaching, or whitening, of bone occurred during periods
of prolonged sun exposure or salt-water deposition, although the length of time required
to produce such a result was not indicated. This observation was supported by Haglund,
Connor, and Scott (2002) who briefly described the effects of cultivation (e.g. plowing,
farming techniques) on the bone color of buried remains. Cultivation practices displace
skeletal elements, making it difficult to connect remains with their original depositional
context. For example, buried remains can be brought up to the surface and exposed to
sunlight. This can cause bleaching of the bone, and Haglund, et al. (2002) concluded that
the longer the exposure period, the more extensive the bleaching and hence the lighter the
bone color. Without knowing the modifications bones undergo, this change might be
misinterpreted.
A more extensive study to determine the effect of depositional context on bone
staining was performed by Huculak and Rogers (2009). They examined whether change
in the depositional context, such as the one produced by cultivation (Haglund, et al.
2002), would influence the presence or absence of bone staining. Several sets of Sus
scrofa humeri were buried or exposed on the surface for four weeks and then placed in
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the opposite context for another four weeks. Overall, Huculak and Rogers (2009)
observed some differences between the depositional sequences, such as those that were
initially buried and then exposed showed evidence of bleaching and light-to-dark cortical
staining. Those of the alternate sequence (exposed, then buried) showed an almost
opposite pattern, with no evidence of bleaching, regardless of their initial period of
exposure, and cross-sectional analysis demonstrated a dark-to-light pattern of cortical
staining. While no quantitative analyses were performed, the observations suggested that
the sequence of depositional events affected the pattern of bone staining. It appeared,
although not discussed by Huculak and Rogers (2009), that the secondary context had a
larger effect on the final appearance of the bones than their initial context. The authors
did not explore the reasons for this, so it remains unknown why depositional change
affected stain formation.
Environment
The literature indicates that the environment plays a large role in the appearance
of a skeleton upon recovery. Behrensmeyer (1978) observed that skeletal remains left on
the surface in the Amboseli Basin in southern Kenya displayed different surface
appearances based on the total amount of exposure time. This was due to weathering, or
the processes whereby the organic and inorganic components of bone are separated and
worn away by physical and chemical agents, and it appeared to be related to time since
death and local environmental conditions such as temperature and humidity levels
(Behrensmeyer 1978). Those remains exposed to harsher conditions, such as repeated
wet-dry cycles, intense heat, and more variable temperature and humidity, exhibited an
accelerated weathering process in comparison to those in more temperate conditions.
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Additionally, remains exposed on the surface for extended periods of time (i.e., up to 15
years) displayed more bleaching than those exposed for shorter time periods. While
Behrensmeyer (1978) focused more on the process of the breakdown of skeletal remains
than on color changes, her research showed that the environment affected the surface
appearance of bone.
A similar idea was discussed by Calce and Rogers (2007) in their study of
taphonomic changes to blunt force trauma. They determined that bone exposed to
environmental stressors such as rain, snow, and freeze-thaw cycles became discolored,
but they did not elaborate upon the extent to which this discoloration occurred or its
appearance. The only explicit references to color were that vegetation and exposure to
sunlight produced green and white stains, respectively, corroborating Behrensmeyer’s
(1978) evidence on bleaching. In bones that were initially fleshed, staining was found in
60% of the sample, compared to 100% in the defleshed group (N=5 for both groups).
These color changes caused perimortem and postmortem impact sites to be highlighted in
contrast to the surface color of the rest of the bone. Therefore, Calce and Rogers (2007)
demonstrated an important application of bone staining to the forensic context: trauma
determination. In some cases, different taphonomic agents disguised evidence of blunt
force trauma. Cracking due to weathering, displacement from rain, snow, or soil erosion
mimicked or disguised indicators of blunt force trauma by altering the morphology of
impact sites. The color of bone exposed to vegetation or sunlight helped to identify
macroscopic evidence of blunt force trauma by highlighting impact sites and fracture
lines via contrast. This was critical in differentiating postmortem changes due to
taphonomic agents versus trauma due to blunt force impact.
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Organic Matter
Bone staining can also be caused by organic material such as grass, fungi, or other
vegetation. Ubelaker (1997) anecdotally discussed that green algae stains were found on
remains discovered in moist, shaded areas. He recounted a case study where female
remains were found in a cistern, with a black stain on one femur. At first, it was believed
that the stain was due to an attempt to burn the body, but it was actually caused by a
fungus that grew within the damp environment of the cistern. Huculak and Rogers (2009)
found fungi on all of their samples that were exposed and then buried, and they indicated
that it was the burial context, with its higher moisture content, that produced the fungal
growth. Therefore, such visible staining appeared to be related to the moisture content of
the immediate depositional environment.
Soil Characteristics
Jaggers and Rogers (2009) did an extensive study on the effects of soil
environment on the estimation of PMI. They examined the effects of soil moisture on
color and overall condition of Sus scrofa bones. Bones were interred in both high and low
moisture soil in temperatures that reached just below freezing. No color changes occurred
within 150 days post-skeletonization, regardless of moisture content or changes in
ambient temperature (e.g. freeze-thaw cycles, snow accumulation). Past research
indicated that moisture was a significant factor in the decomposition process, either
promoting preservation or accelerating degradation (Gordon and Buikstra 1981; Manhein
1997; Rodriguez 1997). Additionally, Sauer (1998) examined this question in regards to
human remains. He concluded that contact with what he called “mineral-laden soil” led to
eventual staining, but what minerals produced this, the proportion of minerals needed,
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and the rate of staining was not indicated. Sauer (1998) cautioned that variation in the
amount of moisture and mineral content prevented or retarded the accumulation of
staining, thereby reducing its ability to be a reliable indicator of PMI, but he provided no
evidence to support this conclusion. Because of the contradictory nature of the results
regarding the role of soil moisture in the decomposition process, it is unclear what effect
soil moisture might have on staining. Because temperature could prove to be a causal
variable in addition to soil conditions, it was included as part of this thesis.
Soil and Fracture Patterns
Some of the research on bone discoloration focuses on the use of differential soil
staining in distinguishing the timing of trauma (e.g. perimortem versus postmortem). In
the zooarchaeological literature, Fisher (1995) examined preparation damage (e.g.
cutmarks) to faunal skeletal remains and noticed that such damage led to the exposure of
lighter colors between the cutmarks and surface bone. Fisher (1995) attributed this color
difference to soil staining and post-depositional breakage, but he did not provide any
additional information or quantitative evidence for this conclusion.
In regards to fracture patterns, the amount and quality of staining might indicate
when the fracture occurred (Sauer 1998). For example, postmortem fractures could
present dramatic color differences from the original exposed surface. This idea was also
presented by Weiberg and Wescott (2008) when they proposed that the study of fracture
staining might be a way to determine PMI. The rate of stain formation and potential
equalization to the surface color might be an indicator of how long the remains had been
in a particular depositional context. Both Sauer (1998) and Weiberg and Wescott (2008)
provided anecdotal evidence to support their ideas, but no quantitative data.
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CONCLUSION
While many of the studies presented in this review provide pertinent results with
reference to potential staining causes, they remain incomplete because they failed to take
a quantitative perspective. Anecdotal evidence on bone staining is prevalent, but none of
the studies reviewed here, outside of Schafer (2001), provided quantitative analyses.
Additionally, much of the research was inconclusive or contradictory, allowing few
conclusions on causality to be made. Without the use of statistical methods, the
applicability of bone staining is limited. Therefore, it is currently unknown what
contribution bone staining can provide to medicolegal and forensic anthropological
investigations. This thesis built upon these initial findings and incorporated the potential
applications of bone staining to the estimation of PMI. The studies presented in this
review are a valuable first step, but empirical, quantitative research is required to provide
statistical rigor and to realize the potential use of bone staining to the estimation of time
since death in forensic anthropological contexts.

CHAPTER III: MATERIALS AND METHODS
Location
This project took place at the Forensic Anthropology Research Facility (FARF) at
Texas State University-San Marcos and the Grady Early Forensic Anthropology Research
Laboratory (GEFARL). FARF is an open-air human decomposition laboratory located on
Freeman Ranch in San Marcos, Texas. This facility is ideal to study bone staining
because the soil properties of Freeman Ranch are quantifiable and are expected to have a
significant and measurable impact on bone staining. According to Carson (2000), the soil
of Freeman Ranch on the Edwards Plateau tends to be high in rocky clay, less permeable
to air, with a decreased moisture storage content and a high nutrient capacity. The clay
and limestone soil makeup of Freeman Ranch is representative of the predominant soil
types of the larger Central Texas area, thereby providing a good model for establishing
the staining sequence for Central Texas and similar environmental and geographic areas
(U.S. Department of Agriculture 2009). Thus, the causal factors affecting the timing and
sequence of bone staining at Freeman Ranch were extrapolated and utilized in the
investigation of the viability of staining in the estimation of the postmortem interval
(PMI) in Central Texas.
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MATERIALS
Sample
Pig remains were the skeletal elements utilized in this study. Pig analogues are
regularly utilized in forensic anthropological research as their tissue and bone
composition is similar to human tissue and bone (Aerssens et al. 1998; Calce and Rogers
2007; Jaggers and Rogers 2009). A total of 129 juvenile longbone specimens were
obtained from Granzin’s Meat Market in New Braunfels, Texas (Table 1). Using a large
number of the same type of element provided more consistent, reliable, and powerful
results than using a smaller number of whole pig cadavers (Lyman and Fox 1997). The
bones of the upper and lower limbs (humerus, radio-ulna, femur, tibia, fibula) were
chosen for this project because it has been reported in the literature that human limb
bones, especially lower limbs, are among the regions most often recovered during a death
investigation (Jaggers and Rogers 2009; Komar 1998).

Table 1: Sample Demographics.
Element
Number Juvenile
Humerus
20
20
Radio-ulna 13
13
Femur
1
1
Tibia
4
4
Fibula
7
7
Total
45
45

Buried Fleshed
7
7
0
4
5
23

Buried Defleshed
13
6
1
0
2
22

Color Scanner
A Miniscan XE Plus color scanner manufactured by Hunter Laboratories was
utilized in this study to record digital readings of the stains present on the bones (Figure
1). The scanner was ideal to quantitatively assess the stains’ color without subjective
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interpretations. It worked by emitting a small beam of light onto a surface and analyzing
the color of the object along three opponent color scales: L (light-dark), a (red-green),
and b (yellow-blue). L measured lightness and varied from 100 for perfect white to zero
for black, approximately as the human eye would evaluate it. A measured redness when
positive, gray when zero, and greenness when negative. B measured yellowness when
positive, gray when zero, and blueness when negative. Prior to scanning the samples at
GEFARL, the Microscan was standardized with both black and white tiles. Proper
calibration was verified by comparing to standard values for the white tile. The scanner
was restandarized if the values deviated from the standard values by 0.4 units. Two to
three color replicates were taken per stain and averaged to ascertain the stain’s color
makeup. The data from the color scanner were analyzed via Universal software run on a
Dell PC laptop computer. All color data, including L, a, and b, date/time of the sample,
location of the stain on the bone, and identification number, were imported into a
Microsoft Excel spreadsheet for ease of organization and data analysis.
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Figure 1: Miniscan XE Plus views: (A) side view; (B) close up of front to
show thickness of scanner; (C) close up of laser area.
Photographs
All photos were taken using a Nikon D80 digital SLR camera. All photos taken at
FARF during the time of sample collection were taken between the hours of 8am – 12pm
in order to standardize the amount of sunlight and shade at each site. The morning was
chosen as the best time for photo-documentation because of the position of the sun at
these hours provided ideal lighting conditions for optimal photograph quality.
Photographs taken at GEFARL were conducted in a consistent setup to eliminate
variations in lighting conditions. Black velvet was used as a backdrop in order to reduce
the glare on the images. Additionally, photography lights were set up around the photo
area in order to provide the most optimum lighting for the bones. However, it was found
that using these lights produced an orange tint to the images and so only the flash on the
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camera was used. This led to pictures that accurately represented not only the color of the
stains, but the overall color of the bones as well. No tinting was observed on the final
pictures.
Several angles were taken of each bone both before and after cleaning to ensure
that darkened areas on the bones were indeed stains and not loose soil. First, overall
pictures were taken of each bone with the identification number and scale for the anterior
and posterior sides of the bone. These photos depicted the entire bone using a 35mm lens
and a 45mm lens at a distance of 2 feet (Figure 2). Close-ups with a 55mm lens at a
distance of 2 feet were taken of the areas that showed staining. A scale was included to
document the length of each stained area, if possible. In cases where the stain
encompassed a large area of the bone, a scale was placed at one end and photos were
taken of every aspect of the stain. A standardized distance was used for every photo to
ensure that all pictures represented the same lighting conditions and distance from the
bone for accurate comparisons across groups. Once completed, photos were downloaded
onto an Apple, Inc. laptop computer and organized into folders representing each bone
pre-and post-cleaning.

20

Figure 2: Photo-documentation at GEFARL: (top) with 35mm
lens; (bottom) with 45mm lens at a distance of 2 feet.
Soil Testing
Soil samples (approximately 475mL) were taken from each burial pit immediately
prior to the initial deposition of the remains and again upon collection. A Rapitest Soil
Test Kit was used to analyze the soil samples for nitrogen (N), potassium (K), and
phosphorous (P) as well as acidity levels (pH). These samples were processed according
to the following procedure, according to the manufacturers protocol. For N, K, and P
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analyses, a small amount of each sample (5mL) was mixed with 30mL of deionized
water. Deionized water was used in order to ensure that the results reflected the actual
chemical composition of the soil and not of the water itself. The soil-water mixture was
allowed to settle (up to 24 hours) and a small amount of water was siphoned from the top
and placed in three separate containers from the Rapitest Soil Testing Kit (Figure 3).
Then, according to the chemical to be tested (N, K, or P) testing powder was taken from a
soil test capsule and added to the water. This mixture was then shaken and allowed to sit
for 3-5 minutes. Readings were taken according to the values located on the front of the
test container ranging from 0 (depleted) to 4 (surplus). pH was tested by placing a small
amount of soil into the testing container, adding the testing powder and deionized water,
and shaking the mixture. This was allowed to stand for approximately 3-5 minutes and
was then read according to the values on the front of the container that ranged from 4.5
(very acid) to 7.5 (alkaline).
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Figure 3: Rapitest soil testing kits: (A) L-R:
nitrogen, potassium, pH, and phosphorous; (B)
close up of nitrogen tester and values for
determining amount present; (C) close up of pH
tester and values for assessing acidity.
METHODS
Sample Preparation
Once the limbs were obtained from Granzin’s Meat Market, they were prepared
for deposition. Two types of preparation were requested from the butcher: 1) limbs
without flesh and 2) limbs with flesh. The fleshed remains were utilized to estimate the
influence of decomposition on staining, while defleshed remains represented the
influence of soil staining independent of tissue decomposition. However, once acquired,
it became evident that the condition of the remains deviated from the requested order.
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Both sets of limbs contained extraordinary amounts of soft tissue left on the bone and it
therefore became necessary to process the remains to remove the excess tissue and
disarticulate the individual bones. Due to the amount of tissue present on the remains and
the discovery of a fewer number of bones than expected, it was decided that this set
would function as the fleshed sample only. There may have been confusion with the
supplier concerning the type of bones requested as the calcaneus and astragalus were
articulated to the tibia and fibula in all cases. Therefore, the tissue was only trimmed to
manageable amounts. This means that enough tissue was left on the limb to fully cover
the bones; only excess tissue was cut off. This was done to expedite the decomposition
process to fit into the timeframe of the study and did not affect the presence or type of
staining obtained. The processing of excess tissue was conducted over three days and the
remains were stored in large coolers and covered with ice during that time. No remains
showed evidence of decomposition, although one set began to emit a foul smell by the
second day. It was later discovered that the cooler storing those remains was faulty and
did not keep an airtight seal. However, as mentioned previously, no visible signs of tissue
decomposition were noticed during that time.
Because of the shortage of limbs mentioned above, a second order was placed to
the butcher. Unlike the fleshed set, these remains were originally cut to become soup
bones and so contained little tissue. Upon receipt of the bones, as much accessory tissue
as possible was removed and the limbs were disarticulated. Not all tissue could be
removed from the bones and therefore, they were deposited at the sites with some tissue.
This should not negatively affect the results of the study, as clean skeletal remains, either
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human or animal, are rarely deposited at a site. Having the bones with some tissue on
them more realistically mimicked the typical depositional context.
Study 1
An initial experiment to study the effects of different staining mediums on bone
was conducted concurrently with the main study. In addition to commonly reported
staining agents such as leaves, grass, and soil (Huculak and Rogers 2009; Jaggers and
Rogers 2009; Sauer 1997; Ubelaker 1997), sand and peat moss were included as other
potential staining agents. One to two defleshed pig longbones were each placed in one of
five 10-quart buckets filled with peat moss, sand, and leaves, soil and grass from
Freeman Ranch (total N=9). The peat moss represents a type of moss that can be obtained
in any home improvement store or nursery around the country and is therefore applicable
to different environments beyond Central Texas. The sand was acquired from the banks
of Lady Bird Lake at Auditorium Shores in Austin, Texas and is therefore applicable to
Central Texas and similar sandy environments.
The remains were left in the buckets for the duration of the main study,
approximately four months. After the study’s conclusion, they were removed from the
buckets and their overall staining levels recorded. The goal of this initial study was to
determine the visual condition of bones buried in various depositional contexts. These
remains also served as baseline comparisons for the samples in the main study. As the
soil was from Freeman Ranch, having a set of specimens that had been left in soil for four
months would provide a reliable indicator of staining at four months to compare against
the progress of the other samples.
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Study 2
The goal of study 2 was to document the staining process on buried and exposed
remains. This differs from Study 1 in that collection of the remains occurred at preset
weekly intervals and the amount of staining and other variables were recorded at that
time. One hundred pig specimens were randomly divided into two groups where half of
the bones were defleshed as much as possible and half remained partially fleshed (as
described above) to determine the effects of tissue decomposition on bone staining.
These two groups were then further subdivided into two groups representing different
depositional environments. Half of the total specimens (N =50) were buried while the
other half (N=50) was placed on the surface to simulate bodies buried in graves and
bodies deposited on the surface, respectively, in order to examine the effects of
depositional context on bone staining. Additionally, a subset of 20 bones representing
fleshed and defleshed specimens were placed on the surface on a white plastic sheet to
keep these controls out of contact with soil and other potential environmental staining
agents. The goal with the control group was to see if any color changes occurred to the
bones that were unrelated to soil staining. This helped to control for staining that may
occur naturally, but may be confused with staining produced by other factors such as soil
or fungus. Overall, each subgroup had a sample size of 25 specimens. A small subset of
12 bones from each group was fractured to determine the rate and depth of bone staining.
The fracturing occurred at the beginning of the study to simulate postmortem fracture at
the point of internment such as that might be caused by burial practices or soil
compaction (Ubelaker 1997).
Prior to burial, soil samples were taken from the backfill and soil from each pit.
These samples were then analyzed to determine each area’s overall chemical makeup of
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sodium (Na), potassium (K), and nitrogen (N). Additionally, the soil samples were used
to estimate each area’s acidity levels (pH) as this can have a great impact on
decomposition and bone erosion (Janaway 2008; Vass et al. 1992).
Each bone was buried in approximately 10-inch deep pits and covered with soil
from the backfill of the area. This backfill came directly from the area the bones were
deposited. Large rocks and boulders were excluded from the burial area, but small
limestone rocks and organic matter were allowed, as these are highly representative of the
type of soil in and around Central Texas. Larger rocks were removed to ensure complete
coverage of the remains. The burials were marked with yellow flags with an
identification number followed by the letters “BF” or “BNF” to denote fleshed or
defleshed group status. The surface remains were marked with red flags with
identification numbers and letters (i.e. “SF” or “SNF”) and the control group was
indicated with pink flags and numbers/letters to denote group affiliation (i.e., “CF” or
“CNF”).
Preparation for Data Collection
To facilitate the data collection process, a “Data Recording Sheet” was
maintained on each skeletal element (Appendix A). The first three sections were
dedicated to demographic information: location, identification number, buried/surface,
fleshed/defleshed, element type (e.g. humerus, radioulna, etc), adult/juvenile, weather
conditions, soil moisture, acidity, and temperature. The main body provided spaces to
record all the necessary staining variables: presence, number, and location of stains,
subjective color of stain, scanner results, and percentage of the total bone stained. A
section was also provided for those remains that were fractured so documentation of
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differences in color between the surface and inside bone could be noted. Finally, any
additional notes and observations were documented.
Data Collection
Data collection began on October 9, 2010. Because of the mix-up regarding the
number and type of bones required from the butcher, the fleshed group was one week
ahead of the defleshed group. Therefore, Week 2, the first collection time for the
defleshed group, corresponded to Week 3 in the fleshed group. However, this had no
impact on the outcome of the study as records were kept to document each groups’ time
upon collection. Once a week, bones from all groups were randomly collected and
information regarding bone staining was recorded. However, it was soon noticed that the
surface remains were mummifying and therefore, removing the tissue to record the stains
was impractical. It was decided that the surface sample would be analyzed at a later date
after further decomposition. Therefore, differences between depositional contexts were
unable to be determined in this project. Additionally, while samples were collected once
a week, there was one week where samples could not be collected due to a power outage
at Freeman Ranch that prevented access to FARF and hence, to the samples. Sample
collection resumed at the next collection date and no data was recorded for Week 3.
Additionally, due to winter holidays and inclement weather, no data was recorded for
Weeks 10, 12, and 13. The missed collection times only had a negligible affect on the
results in that points were missing for those times, but the remains were eventually
collected at a later date and reflect staining at those collection times.
Upon collection, the remains were unearthed and photographed. They were then
placed in labeled plastic zip bags and taken back to GEFARL for processing. A soil
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sample was also collected to see what changes occurred in the soil’s chemical
composition between deposition and recovery of the remains. It was also discovered upon
collection of the remains that four elements were unable to be located in their burial
locations due to inclement weather that obscured the locations and caused flags marking
the pits to be lost. In addition, at least one radioulna was unearthed and scavenged at
Week 2 and therefore this brought the final sample size to 45 (Table 1).
Processing the Sample
Once the samples were collected, photodocumented, and brought back to
GEFARL, tissue was removed in order to expose the bone below and highlight any
staining. The tissue was removed with tweezers and scissors without the use of water or
boiling techniques. This “dry” processing was done in order to prevent the introduction of
stains due to boiling or other variables associated with using water to remove tissue.
Tissue removal typically proceeded in three stages. Stage 1 involved removing as much
tissue as possible as soon as the samples were brought back from the site. This usually
resulted in much of the bone being visible, but tissue remained around the proximal and
distal ends. In some cases, the amount of soil completely obscured the bone even after
tissue removal and cleaning was therefore necessary. When this occurred, a slightly damp
paper towel was applied only to the affected areas to clean off excess soil and the area
was immediately dried with another towel. Stage 2 began when the remains were left out
to dry over 36 hours so that additional tissue could be removed. As these samples were
buried, adipocere formed on most of them and made processing difficult and it was
discovered that if a sample dried, the tissue could be more easily removed. Pictures were
taken of the samples as soon as they were put out to dry in case this step resulted in color
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change. Once as much tissue was removed as possible, the samples were photographed
and scanned using the Miniscan XE color scanner. Stage 3 involved cleaning the remains
with water to remove any dirt or organic material that might be mistaken for stains.
Afterwards, the remains were photographed and scanned again to check for any color
changes resulting from this final stage of processing.
Statistical Methods and Analyses
All measurements and pertinent observations for each sample were entered into
an Excel® spreadsheet. Comparisons were made between fleshed and defleshed groups on
all three color spectrums, soil chemistry and across time. For the color analyses, two to
three color scans were taken per stain and averaged to ascertain the stain’s color makeup.
Those means were then subjected to two-tailed t-tests to evaluate statistical significance,
which was set at p<0.05. Two-tailed t-tests were utilized because the data could be
assumed to be normal, the sample size was relatively small, and comparisons between
groups on the variables of interest were the primary analyses. Correlations were also
performed on the environmental and color data in order to determine if relationships
existed between these variables; significance levels were calculated via Excel®.

CHAPTER IV: RESULTS
The main goal of this project was to determine if bone staining could be used as a
viable method for estimating the postmortem interval. To those ends, statistical analyses
in the form of t-tests and correlations were performed to determine if significant
differences existed between fleshed and defleshed remains at the different collection
points throughout the study. In addition, several environmental variables were analyzed
to determine their role, if any, in the staining process. While significance was set at
p<0.05, marginal significance (p=0.051-0.099) was also noted because an increase in
sample size may lead to these values reaching the significance threshold and may indicate
a pattern for staining that is hidden by a smaller sample size (Abelson 1995; Cohen 1988;
Cohen 1990).
Study 1
The main objective of Study 1 was to determine the effects of different staining
mediums on bone. When the bones were removed from the buckets after four months,
they were photographed and scanned. The remains that had been in the soil bucket
(Figure 4) were then compared to the last set of remains to be collected from Study 2 to
see if there was any significant difference in color. No differences were found between
the bucket sample and the main study sample. This indicates that the placement in a
bucket did not affect the staining sequence and that it likely progressed similarly as in the
Study 2. Overall, the color analysis on the soil remains from Study 1 indicated that the
stains were dark, red, and slightly yellow (Figure 4).
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Figure 4: Study 1 soil remains after 4 months
postdeposition.
Observationally, the remains placed in the sand bucket were very similar in
appearance to the sand itself (Figure 5). The scanner revealed these remains to be light,
gray, and yellow, which supports the observational assessment.
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Figure 5: Study 1 sand remains after 4 months postdeposition.
The peat moss sample (Figure 6) was characterized by dark, slightly red stains with areas
of yellow coloration.

Figure 6: Study 1 peat moss remains after 4 months postdeposition.
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The grass (Figure 7) and leaf (Figure 8) remains were similar to the peat moss remains in
their dark, red stains, but they tended to have higher values of yellow than the peat moss
sample (Figure 9).

Figure 7: Study 1 grass remains after 4 months postdeposition.
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Figure 8: Study 1 leaf remains after 4 months postdeposition.

Study 1: Staining Results
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Figure 9: Color spectrum values for Study 1 samples.
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Study 2
Environmental Data
Data were obtained from the Department of Soil and Crop Sciences at Texas
A&M University from the weather station located on Freeman Ranch (Heilman 2011).
The data included ambient temperature, relative humidity, and soil temperature. These
data revealed that over the course of this study, the average temperature ranged from
26.81ºC (80.26ºF) in early September to 6.12ºC (43.02ºF) in early January. The soil
temperature remained higher than the ambient temperature and ranged from 28.7ºC
(83.66ºF) in early September to 10.4ºC (50.71ºF) in early January. There were several
days of below freezing temperatures in December and January, and based on Jaggers and
Rogers’ (2009) study, this may have slowed down the staining process. Humidity levels
ranged from 58.8% to 79.5% during the course of the study. The ambient temperature,
soil temperature, and humidity levels were correlated with both the soil data and the
results from the Miniscan XE Plus color scanner. The results are reported in their relevant
sections.
Soil Analysis
Soil samples (approximately 475 mL) were collected from each burial pit on two
occasions: at the beginning of the study during the time of the deposition of the remains
and when the remains were collected several weeks later. A two-tailed Student’s t-test
using Microsoft Excel® was performed on the pH, nitrogen, and phosphate levels
obtained from all of the soil samples. Regardless of fleshed or defleshed grouping,
significant differences were found between the deposition and collections times such that
the pH levels were higher (indicating more alkaline soil content) in the collection samples
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than in the initial deposition samples (p<0.01, N=45). Additionally, the collection
samples also displayed higher nitrogen levels than the deposition samples (p<0.01,
N=45). When the fleshed and defleshed groups were examined separately, it was
discovered that the changes in soil chemistry were found solely within the fleshed group.
Within this group, significant differences were found between deposition and collection
times (Figure 10). Specifically, soil pH increased over time from the initial deposition to
the period of collection (p<0.01, N=45) such that the soil surrounding the remains
became more alkaline over the course of the experiment. In addition, significant
differences (p<0.01, N=45) were found in the nitrogen levels of the fleshed group
between deposition and collection times. Nitrogen levels were higher at the time of
collection than at the initial deposition. No significant differences were found between
deposition and collection times for potassium and phosphorous in the fleshed group.
No significant differences were found between deposition and collection times in
the defleshed group (Figure 11). This indicates that the amount of tissue on the remains
plays a role in the soil chemistry such that the more tissue involved, the greater the
differences in soil chemistry between the initial deposition and when the remains are
recovered.
Environmental Analyses. The chemical data from the soil were correlated with
ambient temperature, soil temperature and humidity levels acquired from the weather
station located on Freeman Ranch and run by Texas A&M University. A pattern emerged
whereby in the first five weeks of the study, the environmental variables had a more
pronounced relationship with fleshed remains than defleshed (Tables 2 and 3). Ambient
temperatures, soil temperatures, and humidity all had strong negative correlations with
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Figure 10: Mean changes in soil chemistry among fleshed remains.
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Figure 11: Mean changes in soil chemistry among defleshed remains.
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nitrogen and potassium levels such that as these variables decreased, nitrogen and
potassium increased in the soil amongst the fleshed remains. During that same period in
the defleshed group, only ambient temperature and humidity were related to chemical
levels such that nitrogen levels increased with lower ambient temperatures with the
opposite relationship for potassium and phosphorous increased with decreases in
humidity with the opposite effect for soil acidity. These latter results are only marginally
significant (Tables 2 and 3). By the end of the study (weeks 9-17), an almost identical
pattern emerged whereby phosphorous levels in both fleshed and defleshed remains were
affected by soil and ambient temperature, albeit in opposite directions, and pH and
potassium were influenced by humidity. The magnitude of these changes decreased in
both groups over time, suggesting that the longer remains are left buried, the less effect
the environment will have on the soil chemistry.
Table 2: Correlations and p-values for the effect of ambient temperature, soil
temperature, and humidity levels on soil chemistry (pH, nitrogen, phosphorous,
potassium) within the fleshed group. Bold numbers reflect significance and
italics indicate marginal significance. Dashed lines indicate that not enough
variability existed to complete the correlation analyses.
Ambient
pTemp
value 9-16 wks p-value
2-5 wks p-value
6-8 wks
pH
0.984
0.02
------0.206
0.560
N
-0.941
0.06
0.554
0.45
0.619
0.056
P
-0.177
0.82
------------K
-0.941
0.06
-0.832
0.17
0.329
0.352
Soil Temp
pH
0.889
0.11
------0.143
0.699
N
-0.998
0.01
0.515
0.48
0.586
0.072
P
-0.456
0.54
------------K
-0.998
0.01
-0.857
0.14
0.388
0.265
Humidity
pH
0.916
0.08
------0.763
0.011
N
-0.994
0.01
-0.798
0.2
-0.089
0.805
P
-0.401
0.6
------------K
-0.994
0.01
-0.603
0.4
-0.955
0.000
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Table 3: Correlations and p-values for the effect of ambient temperature,
soil temperature, and humidity levels on soil chemistry (pH, nitrogen,
phosphorous, potassium) within the defleshed group. Bold numbers
reflect significance and italics indicate marginal significance. Dashed
lines indicate that not enough variability existed to complete the
correlation analyses.
p9-16
Ambient Temp 2-5 wks value 6-8 wks p-value wks
p-value
pH
-0.175 0.784 0.251 0.633
0.461
0.154
N
-0.934 0.022 0.444 0.382
-0.079
0.815
P
0.175
0.772 0.998 0.000
-0.828
0.002
K
0.934
0.022
-------0.225
0.516
Soil Temp
pH
-0.454 0.447 0.207 0.689
0.276
0.422
N
-0.789 0.118 0.484 0.335
-0.091
0.792
P
0.454
0.447 0.999 0.000
-0.822
0.002
K
0.789
0.118
-------0.130
0.703
Humidity
pH
0.814
0.096 -0.951 0.003
0.734
0.012
N
0.415
0.481 0.921 0.009
0.374 0.2623
P
-0.814 0.096 0.123 0.821
-0.119
0.725
K
-0.415 0.481
-------0.689
0.019

Color Analysis
All remains were scanned using the Miniscan XE Plus color scanner. The colors
reported in this thesis are an expression of the staining found on the remains. A goal of
this project was to quantify the pattern of staining on fleshed and defleshed remains. To
do so, two-tailed t-tests were performed on the color data to determine if levels of lightdark (L), red-green (a), and yellow-blue (b) differed between location (Area 1 vs. Area 2)
group (fleshed and defleshed), and time (deposition to collection). Areas 1 and 2 refer to
the deposition locations on Freeman Ranch. Two locations were selected: one with red
clay (Area 1) and one with dark soil (Area 2) to see if there were any differences in these
soil types on stain coloration. No significant differences were found between samples
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located in Areas 1 and 2 and therefore, these areas were combined for the rest of the
statistical procedures (Figure 12).

Color Differences: Areas 1 & 2
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Figure 12: Differences in color values for L, a, and b between areas 1 and 2.
Significant differences were found between fleshed and defleshed groups for all
of the color spectrum groups (Figure 13). Marginally significant results (p=0.08, N=45)
were obtained for the levels of light-dark between fleshed and defleshed groups.
Specifically, the fleshed remains exhibited darker coloration than their defleshed
counterparts. In terms of the levels of red-green coloration, the fleshed group again
displayed significantly higher (p=.03, N=45) values than the defleshed remains. Thus, the
stains on the fleshed samples tended to be redder than the defleshed samples. Finally, the
fleshed remains also demonstrated significantly higher values on the yellow-blue
spectrum over the defleshed remains (p=.02, N=45). The fleshed group tended to be more
yellow in color than the defleshed group. All together, the fleshed remains exhibited
darker, redder, and yellower coloration than those in the defleshed group (Figure 13).
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Color Differences: Fleshed vs.
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Figure 13: Color differences in L, a, and b between fleshed and
defleshed remains.
The main objective of this project was to determine if time since death could be
estimated from the sequence of staining on the remains. Remains from the first eight
weeks were compared to remains from the last eight weeks in order to determine if any
significant differences could be detected that could be used in the estimation of time since
death. Two-tailed t-tests revealed that marginally significant differences did exist
between the two time periods, but only for the red-green and yellow-blue spectrums
(Table 4). In both cases, the samples from the last eight weeks demonstrated higher levels
of both red and yellow coloring (p=0.06 and p=0.07, respectively). Therefore remains
that have been buried for at least eight weeks should demonstrate coloration that is more
red and yellow than those specimens that have been interred for less than eight weeks
(Figure 14).
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Table 4: First 8 weeks vs. last 8 weeks
t-test values.
Color Spectrum N T-test F-test
L
45 0.947 0.546
a
45 0.059 0.622
b
45 0.070 0.000

Color Differences: 1st & Last 8
weeks
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Figure 14: Color differences in L, a, and b between the first and last
8 weeks of the study.

More in-depth analyses were conducted on the color data in an attempt to obtain a
more detailed pattern of the week-by-week color changes in the fleshed and defleshed
groups. Surprisingly, there were very few significant time points in either the fleshed or
defleshed groups. Overall, there were no significant differences week-by-week on color
in the defleshed group. One exception is the marginally significant result (p=0.055) for
light-dark between weeks five and six. As seen in Figure 16, the values for light-dark (L)
as indicated by the circle-marked line, increased from weeks five to six. For the fleshed
remains, significant results were discovered in the yellow-blue (b) spectrum between
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weeks seven and nine (p=0.01) and nine to eleven (p<0.01). The yellow-blue spectrum,
indicated by the triangle marked line in Figure 17 increased between weeks seven and
eight but then decreased from week eight to week nine. An increase characterized weeks
nine to eleven. Across both fleshed and defleshed remains, no significant results were
found for the red-green spectrum (Figures 15 and 16). Additionally, while they appear to
be significant in Figure 15, the changes from week 15 to week 17 were not significant in
either the light-dark or yellow-blue spectrums in the fleshed remains. The appearance of
significance may have to do with the small sample size that comprises each time point as
well as the scale of the figure itself might make the change appear significant, however,
the statistical test do not show significance at these time points. Therefore, at this time,
the results of this analysis show that it is not possible to estimate time since death of an
individual from a quantitative estimate of the stains found on the skeletal remains.
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Figure 15: Color changes over 16 weeks in the defleshed group.

Color Values 217 Weeks (Fleshed)
70
Microscan Values

60
50
40
L (light‐dark)

30

A (red‐green)

20

B (yellow‐blue)

10
0
2

3

5

6

7

8

9

11

15

17

Time (weeks)

Figure 16: Stain color changes over 17 weeks within the fleshed group.
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Environmental Analyses. Color spectrum data was correlated with the ambient
temperature, soil temperature, and humidity levels obtained from Texas A&M
University’s weather station. The results indicate that these environmental variables had
more of an influence on the defleshed remains than on the fleshed ones (Tables 5 and 6).
Within the first five weeks of the study, all three variables had a pronounced influence on
a majority of the color variables in the defleshed group. Specifically, ambient temperature
was strongly negatively correlated with red-green coloration such that as temperature
increased, the value for red tended to decrease leading to a less red coloration with
warmer ambient temperatures. Yellow-blue had the opposite relation with temperature. A
strong positive correlation was obtained such that as ambient temperature increased, bone
became more yellow in color. Therefore, with temperature, it appears that warmer
conditions lead to a decrease in reddish coloration, but an increase in yellow. Light-dark
was only marginally related to soil temperature such that as soil temperature increased,
bones became lighter (Table 5).
Humidity levels appeared to have the opposite influence on the color outcomes
than the temperature variables. Specifically, an increase in humidity led to increases in
dark and red colors, but a decrease in the amount of yellowing on the remains. As was
found with the soil results, it appears that over time, environmental variables seemed to
have less of an influence on the color outcomes on bone. Table 5 shows how the
correlations were very strong and numerous in the first 5 weeks of the study, but tapered
off in strength and frequency through the last weeks of the project.
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Table 5: Correlations and p-values for the effect of ambient
temperature, soil temperature, and humidity on color expression
among defleshed remains. Bold numbers reflect significance and
italics indicate marginal significance.
Ambient Temp wk 2-5 p-value wk 6-8 p-value wk 9-16 p-value
L
-0.466
0.239 -0.858
0.028
-0.729
0.011
a
-0.989
0.000 0.652
0.162
0.536
0.086
b
0.999
0.000 0.558
0.248
0.505
0.109
Soil Temp
L
-0.704
0.053 -0.833
0.040
0.676
0.021
a
-0.988
0.167 0.686
0.129
0.414
0.210
b
0.963
0.486 0.861
0.079
0.343
0.306
Humidity
L
0.952
0.000 0.462
0.359
0.676
0.021
a
0.808
0.015 0.795
0.056
0.307
0.353
b
-0.729
0.039 0.861
0.028
0.558
0.073

In contrast, environmental variables appear to have little to no relationship with
the color outcomes over time in the fleshed group. The first five weeks show only
marginally significant correlations for ambient temperature on light-dark and blue-yellow
colorations (Table 6). Weeks 6-8 show significant and strong negative correlations for
ambient and soil temperatures on red-green coloration such that an increase in
temperature resulted in less red colors, and on light-dark and humidity levels (increase in
humidity leads to lighter bones). Finally, by the conclusion of the study, only humidity
continued to have an effect on coloration with negative correlations for red-green and
blue-yellow such that higher humidity levels led to stains that were less red and yellow
than in lower humidity periods. Similar to the defleshed group, the magnitude of the
effects of ambient temperature, soil temperature, and humidity levels decreased over
time, and as such had less of an influence on the coloration of the remains than at the
beginning of the study.
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Table 6: Correlations and p-values for the effect of ambient
temperature, soil temperature, and humidity on color expression
amongst fleshed remains. Bold numbers reflect significance and italics
indicate marginal significance.
Ambient Temp wk 2-5 p-value wk 6-8 p-value wk 9-17 p-value
L
-0.939
0.06 -0.262
0.673
0.522
0.123
a
0.766
0.23 -0.999
0.001
0.358
0.307
b
0.912
0.09 -0.729
0.161
0.153
0.679
Soil Temp
L
0.223
0.78 -0.306
0.612
0.486
0.150
a
-0.542
0.46 -0.999
0.001
0.382
0.279
b
-0.292
0.7 -0.759
0.136
0.167
0.579
Humidity
L
-0.833
0.17 -0.979
0.003
0.478
0.160
a
0.595
0.41 -0.062
0.924
-0.786
0.006
b
0.791
0.21 -0.727
0.161
-0.606
0.061

CHAPTER V: DISCUSSION
Study 1
The main goal for study 1 was to demonstrate the effect of different depositional
mediums on staining outcomes. This is applicable to all environments where these
materials are available and provides a first step in quantifying and objectively assessing
staining. The finding that the remains placed in soil had stains that were not significantly
different from those in Study 2 demonstrated that the container which held the remains
(i.e. 10 quart bucket) had no affect on staining. In addition, the non-soil agents (e.g.
leaves, grass, sand, and peat moss) demonstrated that soil and decomposition are not the
only causes of stains, but other variables should be considered which could be useful in
reconstructing depositional context. This potential to reconstruct the depositional
environment can potentially shed light on medicolegal investigations where the context
of a set of remains may be unknown due to loss of documentation (e.g. cold cases) or
suspected movement of the remains due to human, animal, or environmental causes.
Study 2
Soil Results
As reported previously, significantly higher pH and nitrogen levels were found
between the two soil sample collection times (i.e., original deposition and collection of
the bone) within the fleshed group. Because no significant differences were found within
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the defleshed group, these results indicate that the amount of tissue present on the
remains at deposition plays a role in the final soil chemistry upon recovery. The
decomposition process may explain these findings. According to Vass and colleagues
(1992), changes in soil pH can indicate the presence of decompositional byproducts. A
high pH (>7.0, alkaline) is associated with the early and intermediate stages of
decomposition (Carter and Tibbett 2008; Hopkins, Wiltshire and Turner 2000; Rodriguez
and Bass 1985; Vass et al., 1992;), and therefore, the change in pH between initial
deposition and collection was anticipated as the remains were collected during those
decompositional stages. Additionally, soil associated with adipocere formation has been
documented to contain high pH levels (Carter and Tibbett 2008; Fiedler, Schneckenberg,
and Gnaw 2004); the remains in this study did develop adipocere. These results point to
the role of decomposition in the nutrient content of the surrounding soil, whereby the pH
of the soil became more alkaline due to the formation of adipocere. Further, since these
results were isolated to the fleshed remains, the staining present on these remains could
be primarily attributed to the decomposition process over the soil environment.
Alternatively, it may be the combination of decomposition occurring on the bone and its
byproducts soaked up by the surrounding soil that influenced the staining of these
remains.
The increase in nitrogen can also be explained by the decomposition of the
remains. Nitrogen is present during the decomposition of amino acids and can be leached
into the soil and retained for use by surrounding vegetation (Forbes 2008). The nitrogen
then gets converted into ammonia and then into nitrates. These nitrates may also be
detected as nitrogen by the Rapitest Soil Test kits used in this study. Therefore the
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increase in nitrogen and nitrates reflects the byproducts of decomposition. The more
tissue present on the fleshed remains led to higher nitrogen levels than in the defleshed
remains where little tissue was left. Similar to the pH results above, the increase in
nitrogen may a causal factor in the bone staining results obtained in this study. The
increase in nitrogen and its associated byproducts in the soil might allow for different
stain colors to be manifested in fleshed remains than in defleshed remains that did not
demonstrate this nitrogen increase. The nitrogen may stimulate staining in ways that are
as yet unknown.
It is possible that the changes in soil pH could be due to other factors other than
the decomposition of the remains. Changes in temperature of the soil and surrounding
environment as well as moisture and precipitation content during the study months can all
influence the pH level of the soil (Thomas 1996; U.S. Department of Agriculture 1999;).
During this study, the soil was repeatedly exposed to rain, below freezing temperature,
and ice and therefore it was expected that pH levels would fluctuate. However, as the pH
levels in this study closely mirror the trends found in previous research (Carter and
Tibbett 2008; Hopkins, et al. 2000; Rodriguez and Bass 1985; Vass et al., 1992) and were
limited to the fleshed remains, it is more likely that they are the result of the
decomposition process. These environmental factors are important when considering
bone staining because they can potentially affect the rate at which staining occurs
(Jaggers and Rogers 2009) and, as shown in this study, the colors that are exhibited on
the bones. Therefore, it is critical that these variables are included in any study that
examines staining.
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Estimating Time Since Death
The color analyses indicated that although differences existed between the groups,
no reliable time since death estimate could be obtained from the staining patterns
observed in this study. However, in both fleshed and defleshed groups, staining occurred
after only two weeks post-deposition and therefore, these findings produced a minimum
time since death of two weeks. While that may not be sufficient for medicolegal
investigations, it is nonetheless a starting point in using staining to estimate time since
death. These results stand in opposition to previous research on staining. Jaggers and
Rogers (2009) found no evidence of staining after 150 days post-deposition and Huculak
and Rogers (2009) only reported staining after eight weeks. While it is possible that
staining may have occurred prior to eight weeks in the latter study, it was not noted. This
project found staining as early as two weeks and the possibility exists that it occurred
after a single week.
While the rate of staining and its appearance on bone is environmentally
influenced, for areas similar to Central Texas, a minimum time since death of two weeks
can be utilized. Additionally, these findings concerning time since death do not
necessarily mean that it can never be estimated from stains. Larger sample sizes and
study duration may yield different results than those presented here. It is likely that
significance can be obtained for those variables that were nonsignificant or marginally
significant with an increased sample size. The addition of further results may eventually
lead to a predictive pattern for the utilization of staining to estimate time since death.
Additionally, color change in bone was able to be quantified and can possibly
prove useful in further research into the staining of buried remains. The color analyses
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did reveal that the bones did undergo color changes during burial such that red, yellow,
and dark stains become present on bone, but not at predictable intervals. This quantifiable
finding moves away from previous observational and qualitative color analysis studies
that are subject to individual interpretation, and toward more quantitative and statistical
approaches to bone staining.
Observational Results
Along with quantitative results, several qualitative observations were noted. In
general, it appears that 90% of the remains exhibited heavy staining along the neck and
immediately below the head (Figure 17); the only bones to not demonstrate this were the
fibulae and the radioulnae. This staining occurred regardless of tissue condition (i.e.
fleshed or defleshed), time, location, or position in the burial pit. Additionally, location
could be determined by visually inspecting the remains. Area 1 was comprised mostly of
reddish-brown clay while Area 2 had darker brown soil. The soil stains produced on
remains located in Area 1 tended to have a reddish-brown tint to them while the Area 2
remains had a much darker coloration. The differentiation has only been tested using one
nonblind observer, but further research is needed with blinded observers to obtain levels
of inter-rater reliability. This observational result is in opposition to the results obtained
with the color scanner where no differences in color were detected between Areas 1 and
2, but instead may reflect the observer’s objective perception of color and familiarity with
the burial sites.
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Figure 17: Neck staining on humerus.
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Lastly, bright pink stains were observed on several of the remains and it occurred
regardless of time, location, and group. They were typically located on the shafts of the
bone, although one was noted on the distal end of a fibula, and were usually only 1mm in
length. It is currently unknown what this staining represents, but it may be a byproduct of
decomposition. Unfortunately, no literature currently discusses such coloration.
Future Directions
As this study was a pilot intended to determine if estimating time since death
using bone staining was possible, there are many avenues available for future research in
this area. The first step would be to determine if these initial results were due to
decomposition, soil, or a combination of these two factors. This could be accomplished
by the inclusion of a fleshed control group that does not contact the soil. This study
attempted to include controls, but due to weather conditions that led to mummification,
analysis was not feasible and it was therefore not included. However, controls could be
used in areas that are not prone to mummification or in Central Texas potentially during
cooler, wetter seasons. Detailed analyses into the chemical composition of the stains on
bone have the potential to yield definitive conclusions regarding the exact cause(s) of
specific stains. Using X-ray florescence technology, this information would eliminate
speculation on the causes of bone stains and could shed light on additional causal agents
or influential variables that might play a role in the formation of stains.
From here, the influence of environmental variables could be studied to determine
how they affect color in more detail than the results presented here. With a long-term
study (≥ 6 months), it may be possible to predict season of death from staining because it
was shown here that temperature and humidity levels affected the color of stains.
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Therefore, the potential exists to see if stain color differs by season as the temperature
and humidity levels change. This is also an area where additional environmental and
climatic data can be incorporated into this project such as precipitation levels, soil
moisture, and nutrient content.
Future studies may also examine the use of alternative ways of quantitatively and
objectively measuring color. The color scanner was highly valuable because it allowed
for color to be quantified and subsequently statistically analyzed. However, the scanner
may have hindered the outcome of this study. The Miniscan XE Plus color scanner is
intended for scanning items such as textiles and is ideally suited for small and thin
materials, but the scanner had some drawbacks when analyzing bones. Because of its
bulky nature, it was often difficult to obtain accurate scans, as the laser could not reach
certain areas because of the width of the machine. Additionally, the actual laser for the
scanner is located on the bottom of the machine in a small area in the middle (Figure 1).
This made scanning difficult, as the laser opening had to be positioned flat in the intended
location so no reflection or other light source could influence the results. This was
difficult if not impossible in many of the stained locations. While attempts were made to
eliminate sources of error in the scanning procedures, the reach of the scanner limits the
results in this study. Therefore, some stains were not scanned and recorded. While the
continued use of this particular scanner for bone stain analysis is not ideal, the limitations
mentioned above may be able to be overcome by a smaller, thinner device that will allow
stains in hard to reach areas to be scanned and analyzed. Only when all areas of a bone
can be reached and reliably analyzed can a complete quantitative analysis of the staining
process be uncovered and studied.

CHAPTER VI: CONCLUSION

A fundamental component in forensic anthropological casework is the
determination of time since death. The estimation of how long an individual has been
deceased can aid in their identification by narrowing the scope of the search. Skeletal
remains can undergo any number of taphonomic modifications, one of which is bone
staining. Staining is often referenced in forensic anthropological investigations, but the
taphonomic agents that cause it and its applicability to the estimation of time since death
has not been thoroughly investigated. The primary goal of this study was to identify the
causal factors that affect bone staining and determine its potential for estimating the
postmortem interval.
A total of 45 juvenile pig longbones were buried at the Forensic Anthropology
Research Facility (FARF) at Freeman Ranch in San Marcos, Texas. Half of the sample
retained a large amount of tissue (fleshed group), while the other half was processed to
remove as much tissue as possible (defleshed group). The remains were then collected at
one-week intervals, extensively photographed, and processed to expose as much bone as
possible. Soil samples were also taken from each burial pit at deposition and collection
times and analyzed for changes in pH, nitrogen, phosphorous, and potassium levels
across these two time points. Additionally, ambient temperature, humidity, and soil
temperature were included in the analyses to account for any influence of environmental
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factors on the staining process. A Miniscan XE Plus scanner was utilized to quantitatively
and objectively measure the color of the stains present on the bones.
Overall, it was determined that staining occurred as early as two weeks postdeposition. Statistical analysis of the data revealed that differences existed between the
fleshed and defleshed remains in soil chemistry, color, and environmental variables.
Specifically, pH and nitrogen levels increased only in the fleshed group due to
decomposition and the chemical byproducts associated with that process. Therefore, it
can be inferred that many of the stains present on the fleshed remains are the results of
decomposition and not the soil environment. The color analyses demonstrated that the
fleshed remains exhibited darker, redder, and yellower coloration than those in the
defleshed group. Additionally, the analysis of color also determined that bone staining is
not a viable method for estimating time since death beyond two weeks. Very few
significant differences were found using a week-by-week analysis of the color data and
few trends were present that could be applicable to time since death estimation. Overall,
it appears that the staining in the fleshed remains was due mostly to the decomposition
process, a conclusion that is supported by the soil chemistry data and was anticipated by
the amount of tissue left on the remains. In the defleshed group, the surrounding
environment, including the soil, ambient temperature, and humidity levels were
responsible for the coloration seen on those remains. The correlational data between color
and the environmental variables indicated that temperature (both soil and ambient) and
humidity levels had more of an influence on the defleshed remains than on the fleshed
ones. It is hypothesized that the lack of copious amounts of tissue allowed the soil to
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interact more directly with the bone compared to the fleshed remains, where
decomposition was the primary staining agent.
This study demonstrated that an understanding of the process of bone staining and
the agents responsible for its occurrence is critical for establishing a depositional and
chronological sequence. Even though time since death could not be estimated past two
weeks, future studies can build on these results and examine staining in different
geographic regions and climates as well as study the key variables of decomposition and
environment in more detail than was discussed here. These results also highlight the fact
that taphonomic effects such as bone staining, are not limited to single causes, but result
from a multitude of sources. While in its infancy, bone staining research has the potential
to make important contributions to both forensic anthropology and other medicolegal
professions. For medical examiners, death investigators, and forensic anthropologists,
awareness of the potential causes, especially decomposition, climate, and depositional
context (i.e. buried) can provide some information regarding the circumstances of an
individual’s death and future research may be able to expand on these results to extend
time since death estimates from two weeks to whole seasons.

APPENDIX A: DATA COLLECTION WORKSHEET

Date:_____________

Time:_____________ Recorder:____________________

Day # (time elapsed):_______________
#s:_______________________________
Weather Info:
Temperature:_________

Photo

Humidity:___________

Weather conditions (rain, sun, hot,
etc):______________________________________________
Bone Info:
Bone ID#:_____________

Area 1 or 2:_________

Bone Type (radius, femur, etc):________________
Deposition: Surface

Buried

Soft tissue present: Yes

Forelimb or Hindlimb?
Fleshed or Defleshed?

Control

No

Soil Info:
Soil Temp:______________

Soil Moisture:______________

Soil pH:_____________

K:_____________

N:___________P:___________

Staining:
Stain Present? Yes No

If present, first appearance for group? Yes No

Location of stain: proximal 1/3rd

intermediate 1/3rd

distal 1/3rd

Percent of bone stained: ________

# of stains:______________

Color of stain (subjective,
describe):________________________________________________
Microscan results: L:__________ a:___________ b:_____________
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Fractures:
Fractured: Yes No
Staining differences between fracture & rest of bone: Yes No
If yes, describe:________________________________________________________
Additional Info:
Notes:
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