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Chapter 8
The Mass Grave Project

Advancing Mass Grave Investigation Through  
an Interdisciplinary Program of Actualistic 
Taphonomic Research

Hayley L. Mickleburgh , Noemi Procopio , Andrea Bonicelli , 
Nengi Ogbanga , Giulia Sguazzi , Sarah Gino , Rogier van der Hulst , 
Kennedy Doro , Timothy P. Gocha , Daniel J. Wescott , 
Lisette M. Kootker , and Saskia T. M. Ammer 

Abstract  The “Mass Grave Project” is an interdisciplinary program of taphonomic 
experiments simulating clandestine mass and single graves with human body donors 
at the Forensic Anthropology Center, Texas State University (FACTS). It aims to 
contribute to the development, testing, and validation of scientific methods for mass 
grave investigation, by increasing current knowledge and understanding of mass 
grave taphonomy. Specific objectives include, among others: refining remote and 
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ground-based detection methods and 3D documentation techniques, investigating 
the potential of biomolecular and microbial biomarkers for more precise and accu-
rate postmortem interval and age-at-death estimation, studying DNA degradation 
and transfer between individuals in mass graves, and evaluating diagenesis and 
alteration of isotopic signatures of different human tissues. The project aims to gen-
erate recommendations for documentation, sampling, and analysis protocols, as 
well as develop advanced virtual reality simulation and training environments that 
can be used for testing scientific hypotheses as well as the training of investigators 
in mass grave excavation and documentation methods.

Keywords  Mass Graves Investigation · Taphonomic Research · Forensic 
Archaeology · Geophysical Detection · DNA and Isotopic Analysis

8.1 � Introduction

Modern mass graves often result from gross human rights violations, conflict, and 
social and political turmoil. These are not isolated incidents: every year, clandestine 
mass graves add to the millions of people who go missing due to human rights vio-
lations across the globe (Hamadeh et al. 2021; Human Rights Council 2020). There 
is an urgent humanitarian and legal need to search for and investigate these graves, 
identify the dead, and return their remains to their families (Klinkner and Smith 
2020). Historic and prehistoric mass graves also occur in a large variety of spatio-
temporal contexts, and while these generally do not require humanitarian and foren-
sic attention, these contexts offer uniquely valuable insights into past human society 
and culture (Osterholtz 2015; Osterholtz et al. 2014).

Mass graves, whether of (pre)historic or forensic origin, present uniquely chal-
lenging contexts for archaeological excavation and interpretation. These sites are 
particularly complex because they hold the remains of multiple individuals, often 
exhibiting significant disarticulation and commingling of bodies and body parts 
(Haglund 2002; Jessee and Skinner 2005; United Nations 2016). As a result, identi-
fying individual remains and documenting each body becomes a highly intri-
cate task.

The arrangement of human remains and associated materials in mass graves is 
influenced by human actions and natural taphonomic processes occurring both dur-
ing and after burial. Taphonomic processes encompass all factors that affect the 
preservation of an organism’s remains post-mortem, such as weathering, fragmenta-
tion, human and animal activity, as well as decomposition processes like putrefac-
tion, skeletonization, and disarticulation. These interactions between natural 
processes and human activities can significantly alter and bias the archaeologi-
cal record.

Given the destructive nature of archaeological excavation, evidence in mass 
graves must be meticulously recorded to meet the standards required for various 
judicial mechanisms. This necessitates a high degree of expertise and specialized 
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training among professionals involved in the investigation of these sites (Haglund & 
Sorg 2002; Stodder 2018).

Decomposition in mass graves is thought to be distinct from single graves, 
because large numbers of bodies are placed to decompose in direct contact with 
each other (a “body mass”), with little or no soil in between (Barker et al. 2017; 
Haglund 2002; Mant 1950, 1987; Troutman et al. 2014). Decay in a body mass can 
lead to the formation of voids and mixing of body parts (particularly when bodies 
skeletonize). Factors like disturbance and robbing of graves in attempts to conceal 
crimes can lead to high rates of commingling of the remains. The commingling of 
individuals poses a significant problem when investigating mass graves, as it makes 
the reassociation and identification of individuals extremely difficult. Displacement 
and dissociation also confound the reconstruction of the sequence of events sur-
rounding death and deposition, which in forensic contexts can be critical to corrobo-
rate or negate testimony (Dirkmaat and Adovasio 1996). Mass graves have also 
been linked to differential decomposition patterns. This phenomenon is character-
ized by differences in the degree of body decomposition throughout the grave, and 
even within individual bodies, and can present as relatively good preservation of 
bodies at the center of a grave paired with skeletonization at the periphery (Barker 
et al. 2017; Haglund 2002; Mant 1950, 1987; Troutman et al. 2014). Differential 
decomposition affects the ability to identify individuals and can be demanding of 
field archaeologists, because digging equipment, personal protective clothing, and 
even packaging materials need to be adapted to the condition of the remains. 
Moreover, it makes it hard to identify remains, affecting the recording and interpre-
tation of data, as well as the lifting and transportation of bodies. Differences in the 
condition of remains can hamper visibility and make it difficult to maintain record-
ing standards across the grave.

The lack of knowledge of what precisely happens in mass graves during body 
decomposition impacts all phases of archaeological research: from the search for 
graves to the planning of excavations, data collection, and interpretation of results. 
Robust and reliable remote methods of locating graves─or monitoring them in situ 
until the excavation is deemed safe─are critical. Geophysical methods provide non-
destructive approaches for detecting anomalies that provide investigative leads to 
clandestine individuals and mass graves (Keenan et al. 2018; Knaub 2019). Studies 
on investigating the use of geophysical techniques for locating graves and monitor-
ing human decay have mostly relied on proxies such as pigs (Novo et  al. 2011; 
Pringle et al. 2020). Questions remain surrounding how geophysical anomalies vary 
with time as bodies decay, and how changes in soil properties correlate with mea-
sured geophysical signals. Similarly, it remains unclear which methods are more 
suitable at the different decay stages. In addition, due to financial and logistical 
restrictions and security issues, ground-based techniques (e.g., walking surveys, 
ground penetrating radar) are not always feasible. In such cases, remote sensing 
using aerial and satellite images could provide viable alternatives. Remote sensing 
relies on contrasts between the target and its surroundings, such as soil and vegeta-
tion disturbances. Decomposition can cause a variety of alterations in spectral 
reflectance signatures of soil and vegetation due to microbial activity and the release 
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of chemicals by the body (Keenan et  al. 2018; Lang 2014; Usai et  al. 2014). 
However, the relation between decomposition and spectral signatures is poorly 
understood, and there are currently no established criteria to detect (specific stages 
of) body decomposition. This means that despite the widely acknowledged potential 
of Remote Sensing for detecting mass graves, it remains underused (Kalacska et al. 
2009; Kroker 2015; Leblanc et al. 2014; Raymond et al. 2014; Sandalinas 2015; 
Silván-Cárdenas et al. 2017, 2021; Son 2022; Wang et al. 2013).

The pressure of limited time and resources, combined with the need to collect 
and record evidence meticulously, means that documentation methods during exca-
vation need to be efficient, reliable, and robust. Three-dimensional recording meth-
ods such as structure-from-motion photogrammetry or 3D laser scanning offer the 
potential to capture complex spatial data, in a rapid and increasingly low-cost man-
ner. Nonetheless, 3D documentation is currently underutilized for deposits with 
human remains, both in traditional and forensic archaeological contexts (Beier and 
Rando 2016). For the wider adoption of such recording methods, it is important that 
their impact on field operations, in terms of time, costs, and required training and 
personnel is limited. Moreover, for their routine implementation in forensic practice 
and, if required, submission as evidence to a court of law, the reliability and repeat-
ability of the data capture and post-processing of complex mass grave environments 
need to be demonstrated.

In practice, archaeological investigation of mass graves suffers from additional 
challenges. Because of limited resources, insufficiently or non-archaeologically 
trained personnel are often the first to respond to cases. Due to a variety of political 
and social pressures, they may begin to process the scenes. This can lead to inadver-
tent destruction of context and can hamper investigations. Affordable, realistic, and 
easily deployable training tools and programs are in critical shortage, and excava-
tion and documentation practices vary considerably (Haglund 2002; Hanson 2016; 
Human Rights Council 2020; UNAMI/OHCHR 2018). Further challenges to mass 
grave investigation are posed by the need, in some cases, to quickly identify the 
deceased. Precise and accurate estimation of age-at-death, or the reliability of isoto-
pic signatures obtained from buried remains, for instance, can be crucial to aid the 
identification of the deceased, as well as help to negate or corroborate testimonials 
and other evidence. Rapid developments in biomolecular and isotopic analysis 
methods provide potential new methods to assist identification. The reliability and 
accuracy of such methods must be tested and validated for use as evidence in court. 
Promising research on forensic omics and the development of the microbiome 
throughout body decomposition has found biomarkers that can potentially be used 
to develop age-at-death estimation techniques that are precise and accurate for all 
age groups and can be used on small/fragmented tissue samples, as well as shown 
great potential for refining postmortem interval (PMI) estimation. These methods 
could be particularly valuable in cases with large PMI ranges and/or fragmented or 
commingled remains (Mickleburgh et al. 2021; Procopio et al. 2018), but further 
validation research is needed to develop these methods for application in forensic 
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and humanitarian investigations (Bonicelli et  al. 2022). Similarly, while isotopic 
analysis to establish the geographic origin of the deceased has been widely applied 
in forensic investigations to aid identification, it remains unclear precisely how 
decomposition and diagenesis affect the antemortem isotopic compositions of dif-
ferent body tissues (hair, nails, bone), and the effects of laboratory cleaning proce-
dures on isotope signatures recovered from human tissues are not fully understood 
(Chesson et al. 2020; Kootker et al. 2020, 2023; Toxvaerd 2020).

8.1.1 � Forensic Taphonomic Experimentation

The variety of challenges facing forensic and humanitarian investigation of clandes-
tine mass graves can impede the possibility of developing new and improving exist-
ing scientific methods of analysis. Nonetheless, there is a need for continued 
development and testing of the reliability of scientific methods and techniques for 
forensic and humanitarian purposes. Human taphonomy facilities provide unique 
laboratories to conduct the experiments necessary to understand the dynamic tapho-
nomic processes of the grave to develop and test new (and existing) methods. 
Actualistic taphonomic experiments provide the opportunity to study and monitor 
changes over time and allow the controlling of conditions and collection of data in 
a safe and secure research environment. The replication of experiments in different 
environments is important to evaluate the effects of location-specific taphonomic 
conditions on the results and help to distinguish differences related to individual 
variation from environmental taphonomic variables. Moreover, replication studies 
support the development of environment-specific recommendations for analyses 
and protocols and are vital to the development of the field (Pokines and Symes 2013).

Mass grave research using human body donors was first undertaken in 2013 at 
the University of Tennessee’s Anthropology Research Facility (ARF) and includes 
a grave containing 24 individuals, one with six individuals, one with three individu-
als, as well as single graves and empty control graves (Blau et al. 2018; Corcoran 
et al. 2018). More recently, a project documenting two mass graves (one with three 
and one with six individuals), a single grave, and empty control graves was initiated 
at the Australian Facility for Taphonomic Experimental Research (AFTER) at the 
University of Technology, Sydney (Blau et al. 2018). To date, these research pro-
grams have demonstrated the utility of remote sensing and geophysical methods to 
detect mass graves, as well as the impacts of multiple decomposing bodies on the 
microbiome and soil biogeochemistry (Blau et  al. 2018; Corcoran et  al. 2018; 
Keenan et al. 2018; Knaub 2019). These studies have also emphasized the impor-
tance of the repeatability of results, examination of temporal dynamics, and replica-
tion in different environments. The latter is fundamental for testing the validity and 
reliability of methods.
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8.2 � The Mass Grave Project

The complexity of uncovering and recording evidence in mass graves, and recon-
structing the events that led to their creation, inspired the development of the Mass 
Grave Project (MGP). The project is designed to examine taphonomic processes in 
small-sized mass graves and explore and test (new) methods of investigation of 
these contexts. The project includes a series of taphonomic experiments using will-
ingly donated human bodies to simulate mass and single graves at the Forensic 
Anthropology Research Facility (FARF), the outdoor human decomposition 
research facility managed by the Forensic Anthropology Center at Texas State 
University. FARF is located in the Texas Hill Country, near San Marcos. Body 
donations studied at FARF are made to FACTS under the Texas Revised Uniform 
Anatomical Gift Act and are exclusively acquired through the expressed and docu-
mented willingness of the donors and/or their legal next-of-kin (Gocha et al. 2022).

Donors and/or their next-of-kin are aware that donations are used for taphonomic 
studies. The body donation program complies with all legal and ethical standards 
associated with the use of human remains for scientific research.

In May 2021, a small-sized mass grave with six body donors, a control mass 
grave without body donors, three individual graves, and one individual control 
grave were placed (Fig. 8.1). The environmental and taphonomic variables in these 
graves were monitored over the course of 18 months, after which the graves were 
excavated (November 2022). Upon excavation, the human remains were collected, 

Fig. 8.1  Mechanical excavation of the experimental graves, at the Forensic Anthropology 
Research Facility, May 2021
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sampled, and placed in a secondary mass grave in a commingled fashion for phase 
2 of the experiment, which is focused on complex, commingled mass graves.

8.2.1 � Experiment Design

The MGP project uses an actualistic methodology to replicate clandestine human 
graves. Actualistic studies control for chosen observational parameters and replicate 
taphonomic effects by reproducing assumed causal events in a relatively controlled 
situation.

The FARF is located in the central Texan hill country, and its terrain consists of 
shallow clay-rich soil overlying deposits of limestone with grassland punctuated by 
woodlands of primarily oak and cedar trees (Barnes et al. 2000). The FARF has a 
semi-humid climate with hot summers and moderate winters. Freezing is uncom-
mon, occurring on average 36 days per year. Vegetation consists mainly of scrub 
bushes, ashe juniper, and Texas live oak trees. At FARF, the soils are relatively 
alkaline with high carbonate content and relatively low organic matter. Because of 
the high clay and rock content, the soils at the FARF have relatively low permeabil-
ity to air and water movement (Carson 2000; Dixon 2000; Fancher et  al. 2017; 
Gillham et al. 2003). Groundwater is located in a deep aquifer system. The average 
annual precipitation is 81 cm, but the region experiences frequent droughts and flash 
flooding.

Prior to the excavation of the grave pits, the area was mapped and photographed. 
Vegetation and soil samples were collected at the surface. Weather stations at FARF 
record weather conditions at 30-minute intervals. Aerial and geophysical surveys 
were conducted of the area before excavation to document initial (subsurface) land-
scape and vegetation conditions. Two pits measuring 2.5 by 3 m wide and 75 cm 
deep and four pits measuring 2 m by 60 cm and 75 cm deep were excavated by 
backhoe and recorded in 3D using structure-from-motion photogrammetry. The soil 
in the experiment area consists of Rumple-Comfort soil (Carson 2000), which is 
made up of gravelly loamy clay, and extends to 75 cm deep at the location of the 
graves and control graves. Baseline soil samples were collected at multiple depths 
during excavation, and at a distance of 10 m and 200 m from the pits. Six clothed 
body donors were placed in the mass grave in a fresh stage of decomposition, in 
direct contact with each other in an “unorganized” fashion. The position of the bod-
ies upon burial and excavation was recorded in 3D. Simultaneously, three additional 
body donors were buried individually in the smaller pits. Soil probes were placed in 
the graves containing body donors, as well as in the control graves, to measure core 
and periphery soil temperature, conductivity, and moisture content. Soil samples of 
graves and control graves were taken at monthly intervals for the first three months, 
and every three months thereafter, using probes at multiple depths. Probe holes were 
plugged and marked following sampling, to monitor changes in stable isotopic sig-
natures and microbial communities. Monthly geophysical surveys of all graves and 
controls were conducted, including ground penetrating radar and electrical 
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resistivity tomography. Unmanned Aerial Vehicles (drones) equipped with remote 
sensors (thermal and hyperspectral) were deployed every month, to collect data on 
landscape and vegetation changes.

Prior to placement, each body donor was scanned using computed tomography 
(CT), to obtain a record of the tissues of the body and to obtain 3D models of each 
body for the development of optimized 3D documentation methods and the virtual 
3D training tool. Data on biological sex, height, weight, ancestry, eye color, place of 
residence, medical treatment, cause of death, date of death, and duration and tem-
perature of body of storage were collected for each individual body donor. Bodies 
that had been autopsied or individuals who had undergone chemotherapy, radio-
therapy, or prolonged antibiotics treatment within 6  months before death were 
excluded from the experiment as much as possible, due to the potential effects on 
decomposition and reduction of soft tissue (both bacterial and insect driven), and 
isotopic, proteome and microbiome signatures. Tissue samples (hair, nails, teeth, 
iliac crest bone, mid-shaft tibia bone, a fifth metatarsal, as well as swabs of the oral 
and rectal cavities, periocular swabs, skin swabs from different areas of the body, 
and muscle tissue) were collected before placement in graves, and again upon exca-
vation of the grave.

Gross decompositional changes to the body were scored upon placement and 
excavation of the body donors following Megyesi et al. (2005), and indicators of 
gross decomposition were recorded in written descriptions and photographs during 
both stages of the experiment, allowing posthoc scoring according to other visual 
methods. Although the total body score PMI estimation method by Megyesi et al. 
(2005) has limitations when applied to buried bodies or in non-temperate climates, 
it remains widely used and understood, facilitating comparison with other studies.

8.2.2 � Overview of the Project Research Pillars

The aims and objectives of the Mass Grave Project are organized within four 
research pillars: Detection, Documentation and 3D Visualization, Identification, 
and Education and Training.

�Detection

Robust and reliable remote and non-destructive (i.e., without excavating) methods 
of locating mass graves are important as logistical restrictions and security issues 
can mean that land-based or destructive techniques are not always feasible or desir-
able options in mass grave investigations. The MGP monitors landscape/soil/vege-
tation changes throughout the experiments using remote sensing and ground-based 
geophysical techniques and evaluates the reliability of these methods to detect the 
presence of a mass grave with human bodies throughout different stages of 
decomposition.
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Geophysical anomalies were measured throughout the experiment using differ-
ent non-invasive geophysical techniques including electrical resistivity tomography, 
electromagnetic, self-potential, and ground penetrating radar for locating, to exam-
ine variation in signals with time after burial and evaluate the performance of each 
technique individually and in combination. Unmanned Aerial Vehicles (drones) 
equipped with remote sensors (thermal and multispectral) were deployed every 
month, to collect remote sensing data on landscape and vegetation changes.

�Documentation and 3D Visualization

Due to their complexity in terms of a large “body mass,” differential decomposition, 
disarticulation, and commingling of bodies and body parts, combined with time and 
resource limitations, the documentation of evidence in mass graves can pose a chal-
lenge. Digital 3D data capture and 3D visualization methods allow researchers to 
record complex spatial relationships to a high level of detail and provide options for 
posthoc analysis, as well as reconstruct events leading up to burial, or to simulate 
hypothesized sequences of events. The MGP uses photogrammetric 3D recording 
techniques to document experimental mass and single graves, both to examine alter-
ations of human remains and evidence over time during decomposition, and to 
devise protocols for rapid and reliable 3D documentation of deposits with multiple 
commingled remains which can be efficiently and affordably implemented during 
investigations. This project tests the accuracy and precision of photogrammetric 3D 
recording techniques to rapidly, accurately, and reliably document complex mass 
grave deposits, and in particular, examines the impact of using these methods on the 
workflow of field operations. Minimal disruption of field operations is desirable for 
these methods to become widely adopted. The most reliable and time-efficient data 
collection and post-processing procedures for recording complex commingled 
deposits will be used to develop an open-access 3D documentation protocol.

�Identification

For the continued development of forensic omics age-at-death and PMI estimation 
techniques, the MGP studies bone omics profiles and soil microbiome profiles 
before and after burial. For techniques based on the microbial communities in dif-
ferent parts of the body, swabs (oral, rectal, palm of the right hand, back of the neck, 
sole of the right foot) were collected before frozen body storage, after frozen stor-
age, and again after excavation for DNA methylation analysis and Next Generation 
Sequencing. To study the effects of diagenesis and decomposition on the isotopic 
signatures of human tissues (hair, nails, bone), Sr-Pb isotope compositions were 
analyzed using thermal ionization mass spectrometry (TIMS) and multicollector-
inductively coupled plasma mass spectrometry (MC-ICPMS) respectively of sam-
ples taken before burial and after excavation.
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The MGP also explores the potential of using various human biological tissues 
(other than bone or teeth) for identification through DNA profiling in complex con-
texts such as mass graves or mass disasters. Traditionally, DNA extraction from 
human remains in advanced stages of decomposition focuses on hard tissues like 
bones and teeth, as these are believed to preserve DNA profiles more effectively 
over time. To investigate the viability of using soft tissues for DNA profiling, this 
study examined the degradation of DNA profiles in swab (oral, rectal, skin, periocu-
lar), nail, and muscle tissue samples from both single and mass graves. These sam-
ples were collected at three stages: fresh before freezing, fresh post-freezing, and 
decomposed after excavation. The study also looked for signs of cross-contamination 
between body donors within the mass grave.

Additionally, the impact of freezing on human DNA preservation was analyzed 
to evaluate the appropriateness of using frozen body donors in taphonomic experi-
ments for genetic research. The study aimed to assess the completeness of genetic 
information obtained from swabs (skin, oral cavity, and rectum) taken at different 
stages: upon arrival at the human taphonomy facility, after freezing for periods 
ranging from 11 to 455 days, and after thawing before burial for 18 months. Post-
burial DNA profiling was also performed on various soft tissue sampling sites, 
including skin, oral, periocular, and rectal swabs, nails, cartilage, muscles, and 
internal organs. The performance of these samples was then analyzed in relation to 
body decomposition, burial type (individual or mass grave), and the body’s position 
within the mass grave.

The MGP also includes an explorative study into the effects of mass grave condi-
tions on the preservation and recoverability of drug concentrations in different tis-
sues. Producing an accurate drug exposure profile post-burial can assist in death 
investigations and the identification of unknown bodies in cases of a known history 
of drug use. The analyses targeted the nail of the first toe and muscle tissues, to 
examine tissues that are known to preserve differently during decomposition. 
Muscle tissue and toenail segments were analyzed to assess post-burial drug con-
centration profiles in the mass grave. Tissues were screened using two innovative 
methods: an LC-QTRAP-MS method that semi-quantitatively detects the presence 
of 500 substances and an LC-HRMS method that screens for over 2000 substances 
qualitatively. The results were compared to the medical histories of the deceased 
and examined for potential contamination due to mass grave conditions. The seg-
mented analysis of the whole toenail provides a profile of antemortem drug expo-
sure for multiple months before death, which can provide investigators with very 
valuable information on the deceased.

�Education and Training

The complex taphonomic environment of mass graves, and the fact that the destruc-
tive process of excavation means evidence must be immediately recorded appropri-
ately, requires a high level of training from investigators. Physical replication of 
mass graves for training purposes is severely limited by the amount of time and 
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resources needed to simulate the hazardous and physically and emotionally strenu-
ous working conditions. However, 3D visualization techniques, especially those 
that provide (partly) immersive and interactive experiences such as Virtual Reality 
(VR) environments, could provide viable alternatives and are known to improve 
learning, memory retention, and motivation to learn and understand (ICRC 
Innovation Unit 2019; Krokos et  al. 2019). They offer opportunities to simulate 
mass grave investigation and provide training in a safe and secure manner and can 
be disseminated rapidly and widely among stakeholders in need of training and 
capacity-building. Various studies have demonstrated that 3D virtual environments 
play an important role in spatial learning and can help improve stress management 
and mitigate “sensory overload” associated with humanitarian work dealing with 
gross human rights violations and conflict (Ashkenazi et al. 2021; Engelbrecht et al. 
2019; ICRC Innovation Unit 2019; Koutitas et al. 2021; Pollard et al. 2020).

The data generated from the various components of the project—particularly 
Documentation and 3D Visualization—are being utilized to create 3D virtual train-
ing tools. These tools are intended for use by international humanitarian organiza-
tions involved in mass grave investigations as well as in university teaching 
programs. They provide interactive 3D representations of mass grave taphonomy 
and excavation, serving as visual aids to illustrate the complexities of retrieving 
evidence from contexts with multiple commingled remains.

The tools will feature various interactive modules designed to guide users 
through decision-making processes in the field. These decisions include excavation 
strategies informed by surface features, estimated grave size, number of bodies, 
information from informants, field surveys, and logistical or time constraints. The 
tools are being developed with sustainability and accessibility in mind, avoiding 
reliance on commercial hosting platforms or costly, cumbersome equipment. 
Instead, they are optimized for use on common devices such as desktop computers, 
laptops, tablets, and smartphones.

Because virtual training environments are highly scalable, repeatable, and sup-
port effective learning and memory retention, these tools offer significant advan-
tages. They can be deployed in diverse contexts with fewer logistical challenges 
compared to traditional training methods, enhancing accessibility and impact.

8.3 � Results to Date

At the time of writing, phase 2 of the MGP is still underway, with excavation of the 
secondary mass grave not yet completed. Analyses of the environmental and tissue 
samples collected in phase 1 of the project have been completed, and the first results 
of the analyses are described below.

The results of the geophysical analyses (electrical resistivity tomography [ERT], 
electromagnetics [EM], and ground-penetrating radar [GPR]) of the first six months 
of the experiment showed an initial increase in resistivity across all graves, attrib-
uted to soil aeration from disturbed soil, followed by a steady decrease in resistivity, 
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especially in the mass graves, as decaying bodies produced conductive leachates. 
This decline in resistivity was more pronounced in mass graves than in individual 
graves. EM measurements were found to be good at isolating anomalies associated 
with the presence of bodies in the soil in the first days after burial, while electrical 
resistivity was useful for longer timeframes. GPR profiles also consistently show 
distorted reflectors and hyperbolas indicative of ground disturbances and the pres-
ence of human remains, but were limited by the presence of rocks and site-specific 
geology. Quasi-3D resistivity models provided detailed imaging of these changes 
over time, allowing for better visualization of grave outlines and decomposition 
effects. Overall, the results indicate that ERT is a valuable tool for forensic investi-
gations, particularly for locating graves and monitoring decomposition, with GPR 
providing supplemental data despite its limitations. The geophysical analyses were 
found to be effective for both individual and mass graves, with ERT proving espe-
cially reliable for tracking temporal changes linked to human decay (Doro et al. 
2022a, b).

While the multispectral image data are still under analysis, preliminary thermal 
data (DJI Zenmuse XT2, 7.5–13.5 μm) results include a distinct heat signature of 
3–4 degrees Fahrenheit difference between the mass grave and the control mass 
grave when measured immediately before dawn during months 3–6 of the experi-
ment, related to greater heat retention of the grave in comparison to surrounding 
soils combined with warmth generated by active decomposition of the bodies dur-
ing that time.

With regard to documentation, the MGP has focused on seeking affordable and 
efficient 3D recording procedures. We used a simple photogrammetry procedure for 
ground-based 3D recording of small-sized mass graves. While recording in situ evi-
dence is the primary goal, processing the 3D models immediately and examining 
them in the field was found to assist excavation planning significantly. The models 
were processed with Agisoft Metashape, a commercially licensed software; how-
ever, future work will focus on developing protocols using common Free and Open 
Source Software packages to process models. Each photography round took on 
average 20 mins to complete, which meant coordinating the excavation team to 
cease all excavation work for during this time. Nonetheless, if planned well, this 
was found to lead to minimal disruption of field activities and did not significantly 
delay the scheduled time for excavation of the graves.

The results obtained by the omics analyses conducted on bones demonstrate 
clear differences between the pre-burial and the post-burial samples, as well as 
between individual and mass graves, highlighting the effectiveness of bone pro-
teomics, metabolomics, and lipidomics in differentiating fresh and decomposed 
bones, as well as specimens originated from single and mass graves. First of all, 
proteins are less abundant in the decomposed bones in comparison with their pre-
burial counterparts, especially for blood plasma proteins such as hamoglobin and 
hemopexin, and for muscle proteins such as actin and myoglobin, as expected due 
to the decomposition process and as previously found in other works (Procopio 
et al. 2018). On the contrary, metabolites such as amino acids and prostaglandins 
associated with inflammatory processes are more abundant in post-burial samples, 
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whereas metabolite intermediates involved in nucleotide degradation and bile acids 
are more abundant in pre-burial samples, reflecting the activation of autolytic and 
microbial decomposition processes post-mortem.

Interestingly, the inter-individual variability associated with differences such as 
health condition, drug use, medications, and lifestyle is lower between the individu-
als buried in the mass grave than in the individual burials, especially for the pro-
teomic and lipidomic profiles. When comparing bone proteins in single and mass 
graves, blood plasma proteins such as coagulation factor IX, pigment epithelium-
derived factor, and prothrombin, as well as bone extracellular matrix proteins like 
chondroadherin, collagen alpha-1, and Matrix Gla protein, are significantly more 
abundant in mass grave samples than in the individual graves samples, suggesting 
overall a slower decomposition rate in the former. In a similar way, specific metabo-
lites such as amines and selected amino acids are also more abundant in the mass 
grave bones, while sugars—critical sources of energy for bacterial decomposers—
are instead more abundant in the single grave samples, highlighting again the differ-
ences in the decomposition processes between these two burial scenarios.

The results obtained from the analysis of the soil microbial communities in sin-
gle and mass graves reinforce what was previously found with the omics analyses 
of the skeletal remains, in that soil microbial populations in single graves are more 
diverse than those found in mass graves. Additionally, machine learning algorithms 
applied to such samples can correctly classify soil originating from either single or 
mass graves collected at the end of the 18-month experiment, with an accuracy level 
of 95%. The main bacterial species used for the prediction are Conexibacter spp., 
known to be involved in carbon cycling in soil environments, and Streptomyces 
spp., also well-known soil decomposers. In addition to classification analyses, soil 
microbial data have also been used to estimate post-mortem interval in forensic 
contexts; however, in cases like this one, it is more precise to refer to this as time 
since burial estimation. Given the limited understanding of microbial dynamics in 
mass grave environments, it is essential to investigate the applicability of this meth-
odology in mass graves before its implementation in real scenarios. Results from 
the MGP indicate that time since burial can be determined with good accuracy in 
single graves, with a mean absolute error of 3.2 months over the 18-month study 
period. In contrast, the accuracy of predictions in mass grave contexts is reduced, 
with an increased error of 4.9 months. Notably, the prediction accuracy is particu-
larly low during the first 10 months of the experiment, after which subsequent sam-
ples yield more consistent estimations up to 18 months. The presence of multiple 
bodies in the same grave in different layers, along with the varying decomposition 
processes they undergo and that were well documented with the omics approaches 
on the skeletal remains, is likely key factors contributing to decreased accuracy in 
time estimations based on soil samples. These complexities in decomposition 
dynamics may interfere with microbial community composition and its subsequent 
analysis, suggesting that more research is needed to refine methodologies for esti-
mating time since burial in mass graves.

The pre- and post-burial human scalp hair, human bone (iliac and tibia), and 
tooth enamel and dentine samples, as well as environmental samples of vegetation 
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and soils, have been prepared for chromatographic separation for Sr and Pb isotope 
analysis. At the time of writing, the results are awaiting further analysis and inter-
pretation. Based on previous individual grave and surface placement experiments at 
FARF, isotopic shifts are expected in the post-burial samples of the MGP donations 
compared to the pre-burial signatures. In this previous work, more densely mineral-
ized elements (cortical tibial bone and tooth enamel samples) showed good recover-
ability of the pre-placement isotope signatures, while less densely mineralized 
samples (iliac bone) showed more susceptibility to diagenetic alteration. Hair kera-
tin was found to be highly susceptible to diagenetic alteration, as well as sensitive 
to alteration during laboratory cleaning treatment (Kootker et  al. 2020, 2023). A 
preliminary examination of the data suggests that the isotopic shifts in the bone 
samples within the MGP are relatively subtle. In contrast, despite employing a more 
optimal cleaning method, an initial assessment indicates that the biogenic Sr-Pb 
signatures in the keratin samples have been compromised by diagenetic processes. 
Further analysis of the MGP results will be used to substantiate what is known about 
the effects of the FARF burial environment on the preservation and recoverability of 
isotopic profiles. Importantly, the research will examine whether individual versus 
mass burial leads to differences in the recoverability of unaltered isotopic signatures.

The analysis of human DNA degradation in soft tissues revealed several key find-
ings. The quality of DNA profiles progressively decreased from fresh to thawed and 
ultimately to decomposed tissue. Interestingly, the extent of DNA degradation did 
not correlate with the stage of gross decomposition observed during the excavation 
of the bodies, nor with the body’s position within the grave. In fact, bodies in the 
mass grave exhibited higher levels of DNA preservation compared to those in indi-
vidual graves, although the stage of decomposition in the mass grave was less 
advanced than in the individual graves overall. However, signs of DNA cross-
contamination were observed in the mass grave due to the close proximity of bod-
ies. The results also confirmed that freezing and burial led to a progressive loss of 
genetic information (Sguazzi et al. 2022; Gino et al. 2024). However, while freezing 
and burial led to DNA degradation, the research shows that personal identification 
can still be achieved by focusing on a variety of tissue samples. The results under-
score the complexity of DNA preservation in mass graves and allow for preliminary 
recommendations to be made on identification procedures for mass victim contexts, 
including using swabs from various tissues, such as skin, oral, and rectal areas, as 
viable alternatives to traditional tissue and bone sampling due to their ease of col-
lection. The research also highlights the importance of sampling as many tissue 
types as possible to maximize DNA yield, especially in challenging contexts like 
mass graves, and timely sample collection after the discovery of remains, to miti-
gate the effects of further decomposition on DNA quality. Additionally, training of 
disaster response personnel remains important to ensure procedures are followed 
and contamination is prevented (Sguazzi et al. 2024a, b).

The results of toxicology screening show that drugs such as amlodipine, ket-
amine (and its metabolite norketamine), caffeine, cotinine, lisinopril, paracetamol, 
morphine, desloratadine, duloxetine, and quetiapine were detected in toenail sam-
ples, indicating that these tissues effectively preserve drug profiles post-burial. In 
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several cases, there was a correlation between the drugs found in the nails and the 
known medical history of the individuals. Thus far, no indications of contamination 
between body donors in the mass grave were found. Segmental analysis of toenails 
reveals a timeline of drug exposure, which provides forensic investigators with 
valuable insights into the deceased’s drug use before death. The next step involves 
analyzing the toenails using Matrix-Assisted Laser Desorption/Ionization Time-of-
Flight (MALDI-TOF), a mass spectrometry technique used to identify proteins, 
peptides, and small organic compounds, to image the spatial distribution of these 
substances within the nail, creating a visual map of their locations to understand 
drug use over time. This will also provide a more detailed understanding of how 
substances are preserved and distributed in nails after burial.

As described above, the MGP experimental graves were recorded in 3D before 
placement of body donors, and sequentially after each donor. The same process was 
repeated upon excavation of the graves, in reverse, that is, after lifting each body. 
These photogrammetry models are very helpful in showing the differences between 
the initial body placement and the final condition and position of remains after 
18 months of burial (Fig. 8.2). However, capturing such 3D “snapshots” using pho-
togrammetry results in a static model of only surface geometry. To develop such 
data further for training and education purposes, the 3D data should serve to visual-
ize the changes in condition and spatial configuration of remains and allow a degree 
of interaction with objects in the grave. Virtual reconstruction and animation meth-
ods allow recreation of the graves in a dynamic, interactive way. To tackle this, the 
full body post-mortem CT scans of the donors, which provide a detailed three-
dimensional view of the body, were processed to create 3D models of skeleton and 
soft tissues unique to the individual. These models were then processed using tech-
niques used in videogame character development, including remeshing, re-
topologizing, and rigging. This creates highly accurate and posable virtual 
representations of the donors, that can be positioned precisely as their bodies were 
placed in the graves (Fig. 8.3), resulting in a virtually reconstructed grave that is not 
merely static surface mesh, but a virtual space filled with virtual objects that can be 
manipulated, examined, and changed to test or visualize hypotheses. A major 
advantage of preparing the CT scan data in this way is that it allows visualizing the 
position of the skeleton when the bodies enter the graves fully fleshed. This initial 
data can then be compared to the final positions of the bones upon excavation 
(Fig.  8.4). Understanding how these transformations affect human remains and 
other evidence in mass graves is important to reconstructing the criminal actions 
involved in their creation. A better understanding of what to expect in mass graves 
of different ages, different numbers of individuals, and in different climates is also 
essential for planning of excavation of graves for legal or humanitarian purposes as 
well as protection of graves in situ. The virtual reconstructions from the MGP are 
still under development at the time of writing and will be developed further to con-
tain additional detailed data on the physical changes of the grave over time, includ-
ing information on differential human DNA degradation within the grave and how 
the microbiome of the grave changes over time. While these patterns can be visual-
ized in 2D, incorporating them into a 3D virtual reconstruction helps to study, for 
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Fig. 8.2  Sequential 3D models of the experimental primary mass grave during placement (a–f) 
and during excavation and lifting (g–l)
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Fig. 8.3  Rigged and posed virtual body donor (white) placed in original burial position during the 
construction of the virtual mass grave. The Left shows the fleshed body donor, right only the 
skeleton

Fig. 8.4  Virtually reconstructed original position of the body donor’s skeleton, overlaying the 
final position of the remains in the primary mass grave

example, how differences in the degree of human DNA degradation throughout the 
grave might be related to localized microbial variation. The virtual graves with all 
scanned bodies, objects, and representations of the stratigraphy layers and tool 
marks from digging, as well as the results from other pillars of the project, will thus 
be processed into realistic Virtual Reality (VR) tools to enhance training for mass 
grave excavations, in which the user can virtually re-excavate the grave, removing 
individual bones and objects, and receiving step-by-step instructions on documenta-
tion and sampling procedures. The VR will incorporate animations of changes in the 
graves over time to help learners to understand how evidence in the grave relates to 
the original conditions and spatial arrangement of bodies.
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8.4 � Discussion

The preliminary geophysical analysis of the graves during the first six months of 
burial indicated that there is a need for long-term studies to monitor the progression 
of electrical resistivity changes beyond six months to better understand how decom-
position affects geophysical signals over time. The results of the geophysical sur-
veys in months 7–18 of the project are currently under analysis and are expected to 
yield further insight into the long-term effects of decomposition on soil properties, 
the spatial spread of leachates, and the potential for distinguishing between indi-
vidual and mass graves over extended periods. Nonetheless, more research is 
required to refine the application of geophysical methods in diverse soil types and 
environmental conditions, as the current limitations in GPR due to soil composition 
at FARF need to be addressed. Including more advanced 3D imaging techniques 
and multi-method approaches (e.g., combining resistivity with magnetic or seismic 
methods) could enhance detection accuracy. In addition, there is an important 
opportunity to explore automated data processing and interpretation methods, such 
as machine learning, to streamline forensic investigations using geophysical data. 
The remote sensing data collected throughout the MGP are the topic of a PhD proj-
ect, which aims to develop and validate remote sensing techniques, including spec-
tral and thermal imaging, to detect and monitor clandestine mass graves in conflict 
zones. This project will use the UAV-collected data (RGB, multispectral, and ther-
mal imaging) alongside satellite imagery and develop machine learning algorithms 
to analyze these images to distinguish graves from other disturbances.

The innovative application and integration of omics analyses in the context of 
mass graves has generated valuable knowledge into the decomposition processes 
unique to mass grave scenarios. This molecular-level insight has contributed to lay-
ing robust foundations for the development of improved forensic methodologies for 
the study of human decomposition in mass grave contexts. The limits of some meth-
ods applied here, such as the post-burial estimation via soil microbiome analyses in 
mass grave contexts, underline the needs for more research on experimental mass 
graves. Such studies are essential to improve the understanding of the biological 
phenomena occurring in these complex circumstances, which in turn can inform 
improved sampling strategies for better forensic results.

The results of previous isotopic studies on the preservation and recoverability of 
isotopic signatures have emphasized that further research is needed into the effects 
of taphonomic processes, diagenesis, and cleaning protocols on isotope composi-
tions of different human tissues often targeted in forensic investigations. The results 
of the MGP isotopic study will further evaluate and substantiate previous findings, 
while providing unique insights into how isotopic signatures preserve in mass grave 
environments.

The DNA results to date provide valuable insights into how freezing, burial, and 
advanced decomposition can substantially impact the integrity of DNA, thereby 
influencing genetic identification in mass grave contexts. These findings will be 
further developed into recommendations for forensic practice and future research in 
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challenging scenarios, such as mass graves and mass disasters, where cross-
contamination and varying states of preservation often complicate the identification 
process. The research highlights the need for more refined genetic identification 
strategies tailored to complex contexts such as mass graves, where the risk of DNA 
degradation and cross-contamination is particularly high. Importantly, the results 
emphasize the necessity of multi-sample approaches, targeting different tissue types 
and sampling different locations on the body, to maximize the chances of successful 
identification.

The findings of the toxicology screening are encouraging, showing that signifi-
cant drug profiles can be detected in nail long after burial. The detected drugs can 
contribute to human identification and help reconstruct the circumstances surround-
ing death, since exposure to certain drugs can reveal information about medical 
conditions, drug abuse, or poisoning. For example, the presence of cardiovascular 
drugs such as lisinopril may indicate high blood pressure or other heart-related dis-
eases, while the presence of psychopharmaceuticals, such as duloxetine or quetiap-
ine, can suggest psychiatric conditions. The toxicology results thus far do not appear 
to indicate that mass grave conditions hindered the detection of drug exposure from 
muscle or nail tissues, by comparison to individual grave conditions. However, fur-
ther longitudinal studies that track drug degradation or persistence over longer post-
burial periods are needed to substantiate these findings and to investigate how long 
drugs and their metabolites can remain detectable in various tissues under different 
burial conditions.

The development of 3D virtual reality training tools holds great potential for 
advancing both investigative and educational approaches to mass graves. Virtual 
graves not only aid in reconstructing taphonomic processes but also serve as 
dynamic archives for interdisciplinary data, supporting hypothesis testing and fur-
ther analysis. They offer significant benefits for education and training, in particular, 
due to Virtual Reality’s ability to enhance spatial memory and learning. Simulating 
real excavation conditions prepares trainees for the challenges of real investigations, 
including the impact of dealing with decomposing human remains. Moreover, their 
ability to be rapidly and remotely deployed is particularly advantageous in contexts 
with practical or financial constraints. A prototype of these tools will be tested 
within existing training programs used by international humanitarian organizations 
and among university students in Forensic Anthropology and Archaeology. 
Feedback from these users will be used to make modifications where needed.

8.5 � Conclusion and Future Research

The Mass Grave Project, through the use of actualistic taphonomic experiments, has 
begun to shed light on the complex processes that occur in mass graves, contributing 
to advancements in both documentation and analysis techniques. A critical compo-
nent of this research is the interdisciplinary approach, which recognizes mass graves 
as intricate archaeological and forensic contexts shaped by a variety of 
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interconnected factors. These factors include, among other thigs, local soil condi-
tions, weather patterns, the number of individuals interred, and the specific methods 
used by perpetrators to dispose of the bodies. By integrating expertise from multiple 
fields—including archaeology, forensic taphonomy, biomolecular sciences, geo-
physics, remote sensing, 3D visualization, and virtual reconstruction—the MGP 
examines how these variables interact to affect the evidence. This interdisciplinary 
perspective is essential for identifying the most effective methods for investigating 
mass graves and for designing training programs that address the specific challenges 
presented by these contexts.

Phase 2 of the project, which began in November 2022 and is scheduled for 
completion in 2025, builds on the work of Phase 1 by simulating the scenario of 
secondary deposition following the disturbance of a primary grave. In this phase, 
donors from the primary graves have been reinterred in a commingled secondary 
mass grave. The precise position of each bone and body part was recorded in 3D 
during placement, and additional items, such as empty shell casings, beer bottles, 
and cigarette butts with human DNA, were also deposited in the grave. In addition 
to continuing the research pillars established in Phase 1, a key goal of Phase 2 is to 
enhance the methods used for excavating and recording commingled deposits. This 
will involve analyzing the decision-making processes of archaeologists and anthro-
pologists who are unaware of the minimum number of individuals (MNI) or their 
positions within the grave. Another important aim is to determine whether DNA 
profiles and fingerprints can be recovered from the items placed in the grave, poten-
tially providing further insights into the forensic recovery of evidence from 
mass graves.
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