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Abstract  

Mass grave investigations are complex due to the size of the grave, the number 

of victims, the nature in which they were created, and their often remote or 

inaccessible locations. Most mass graves are the result of conflict and/or human 

rights atrocities, despite the implementation of international laws, conflict and 

the creation of mass graves are still recurrent issues today. In most cases, 

investigations take place many years after the grave was first created, often, 

witness statements are the only information available to investigators to suggest 

the presence of an undiscovered mass grave. However, the passage of time 

causes the landscape to recover and change reducing the accuracy of witness 

information. Current methods that are effectively applied to locate single graves 

are also not necessarily designed to handle large-scale operations; wasting 

time, resources, and risking potential damage to evidence. This can have major 

implications for a forensic case, especially if it is to be presented in court. There 

is a need to find cheaper, more effective and less time-consuming methods that 

are specifically designed to locate large-scale gravesites, as there are still many 

mass graves which need to be found. 

This research project aimed to determine if the taphonomic signatures 

commonly found at burial sites have a big enough impact on the subsoil and 

surrounding landscape to be used as a method of locating archaeological and 

forensic mass graves. Examining archaeological mass graves alongside their 

forensic counterparts provided empirical knowledge on how the soil and 

landscape change over time, to determine which signatures offer the best 

chances of successfully identifying mass grave locations. Firstly, this project 

examined victim recovery rates from six countries, the results showed that 

recovery rates in Iraq are 2%, 3% in Argentina, 8% in Spain, 12% in Colombia, 

59% in Cyprus, and 70% in the former Yugoslavia. This low rate of recovery 

suggests current location and recovery protocols are ineffective. Secondly, 

legislation, standards and guidance, and policies used to ensure that any 

gathered evidence is admissible in a court of law were reviewed. However, 

regulations are complex and vary depending on whether the casework is 

domestic (carried out in the UK) or international (carried out under the 

international criminal court), therefore the suitability and admissibility, of the 

recommended approaches will vary on a jurisdictional basis. Finally, this 
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research critically assessed the physical, stratigraphical and chemical 

alterations caused by the creation of a mass grave, the subsequent 

decomposition of the bodies interred within, and the techniques which can 

detect these changes. It showed that the changes a mass grave causes in the 

vegetation, stratigraphy, soil phosphorus and pH levels potentially have a long-

term impact on both the subsoil and surrounding landscape. Highlighting, they 

could be used as alternative ways to locate both archaeological and forensic 

mass graves quicker, faster and cheaper than existing approaches. 
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Chapter One: Introduction 

Mass grave investigations are complex processes, given both the scale of the 

grave and the nature in which it was created (Cox et al., 2008). Between 1945 

and 2008, approximately 313 armed conflicts occurred worldwide, whilst 

accurate statistics presenting the true extent of missing persons are limited, 

these conflicts have resulted in millions of missing and/or unidentified people 

(Bassiouni, 2010; Hanson, 2016). Despite the implementation of international 

declarations (e.g. the Geneva Conventions), conflict and the creation of mass 

graves still happen today. Although mass graves are largely associated with 

modern-day war, many archaeological mass graves exist. A boundary 

separates a mass grave from being classed as archaeological or forensic; 

within the United Kingdom (UK) the boundary is approximately 100 years, 

whereas, internationally the limit can be as low as 50 years or less (Corrieri and 

Márquez-Grant, 2015: 394; BABAO, 2019:16). 

Archaeology is the study of human history and prehistory, investigations are 

conducted to obtain new knowledge, revise theories, and interpret existing 

artefacts and physical remains to provide insight into the past (Collins Gem, 

1989; Department of the Environment, 1990; Bahn, 2012; Wilkinson, 2020). 

Whilst the term forensics refers to that which can be used in or is connected to 

a court of law (Collins Gem, 1989). Forensic Archaeology, therefore, applies 

archaeological field techniques, methods and theories to investigations carried 

out in a forensic or humanitarian context (Connor and Scott, 2001; Blau, 2004; 

Dilley, 2005, Powers and Sibun, 2013; Blau and Ubelaker, 2016). Their unique 

skill set means police and/or international organisations call upon them to assist 

with locating, recovering and identifying human remains, to help provide 

survivors and families of the missing with answers (Snow et al., 1984). 

Whilst in the UK forensic archaeologists play greater roles in search and 

recovery teams than forensic anthropologists, on the international stage the 

work of anthropologists is equally relied on and applied to homicides, human 

rights violations and war crimes (Boddington et al., 1987; Cox, 2001; Hanson, 

2004; Cox et al., 2008). Forensic anthropology, a subdiscipline of physical 

anthropology, applies osteological methods to medico-legal contexts (Stewart, 

1979; Reichs, 1998; Ubelaker, 2006; Christensen et al., 2014). Osteology is the 

study of bones, anthropologists build a biological profile of skeletal remains 
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suspected or known to be human, this profile contains the estimated age at 

death, sex, physical characteristics and skeletal trauma. The final report is then 

presented to forensic pathologists who use it to support their findings in 

determining the transpired events at or around the time of death and narrow 

down the potential identity of the individual. In recent years, archaeologists and 

anthropologists have been pushed to the forefront of an increasing number of 

international scientific investigations because they are extensively trained to 

recognise gravesites, exhume remains and support the process of human 

identification (Steadman and Haglund, 2005). 

The process of digging and backfilling a grave, and the subsequent 

decomposition of the human body results in the alteration of surrounding plants, 

soil and environment; the documentation of which is crucial for understanding 

what happened (Dirkmaat and Cabo, 2015). Studying the subsoil and land 

surrounding a mass grave falls under the remit of taphonomy. Taphonomy was 

first developed by Ivan Antonovich Efremov, a Russian palaeontologist in 1935. 

The word itself originated from the Greek words, taphos (burial) and nomos 

(law), and described the transition organisms undergo when they pass from the 

biosphere into the lithosphere or geological record (Efremov, 1940; Lyman, 

1994; Blau, 2014; Schotsmans et al., 2017; Behrensmeyer et al., 2018). The 

term was first used to interpret and understand the processes soft-bodied 

fossils go through as they decay. However, this initial definition is widely 

considered to be limited, as it only explored the removal of data, it does not 

examine how taphonomic data can be added to a site or area of interest 

(Lawrence, 1968; Lawrence, 1971; Lyman, 2010; Briggs and McMahon, 2016).  

The definition of taphonomy varies slightly across every discipline (Schotsmans 

et al., 2017). In archaeology, taphonomy is described as the assessment of 

what happens to any archaeological object or organism between the time of 

deposition and its recovery (Renfrew and Bahn, 1991). It was first applied to 

archaeology in the 1970s as a way of explaining how and why skeletal elements 

and/or assemblages ended up in the context they were found to interpret how 

human behaviour changes over time (Whitlam, 1982; Behrensmeyer and 

Kidwell, 1985; Bahn, 1992; Beary and Lyman, 2012; Christensen et al., 2014). 

Applying taphonomy to an archaeological context is considered a routine 

process, when interpreting burial sites and human remains it provides 
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archaeologists with a means of reconstructing the events associated with the 

deposition, dispersal and modification of human remains (Christensen et al., 

2014; Baker et al., 2017).  

Forensic taphonomy, however, places greater emphasis on studying the 

remains within the context of their discovery by investigating the biological, 

physical, chemical and stratigraphic alterations to determine how and to what 

extent the remains have altered them (Haglund and Sorg, 1997; Dirkmaat and 

Cabo, 2015; Sorg et al., 2015). The analysis of these processes can help to 

determine the antemortem period (at the time of death), the perimortem period 

(around the time of death and deposition) and the postmortem period (from 

deposition to recovery), to reconstruct the circumstances surrounding their 

death (Haglund and Sorg, 1997: 13; Haglund and Sorg, 2002: 7). In short, 

forensic taphonomy is the study of what happens to the human body after death 

through the application of interdisciplinary methods and theories to establish the 

time of death, deposition and recovery (Haglund and Sorg, 2002; Blau, 2014; 

Christensen et al., 2014; Sorg et al., 2015; Schotsmans et al., 2017; Stodder, 

2019; Martin et al., 2020). Since its development, forensic taphonomy has 

become central to the research and analysis carried out by forensic 

anthropologists and other related disciples (such as entomology and botany) 

working on cases involving human rights investigations, mass disaster fatalities, 

mass graves and other large forensic recoveries (Sorg et al., 2015). As it can be 

used to identify patterns of dispersal, the removal of remains and/or evidence to 

help establish how the scene has been altered (Dirkmaat and Cabo, 2015).  

Like most disciplines in archaeology and forensics, forensic taphonomy is split 

into two subfields; Biotaphonomy and Geotaphonomy. Biotaphonomy examines 

the modifications that occur to the remains themselves, as a way of 

understanding, interpreting and reconstructing the things responsible for the 

destruction and decomposition of soft and hard tissue (Nawrocki, 2016). Divided 

into three categories biotaphonomy explores the environmental, individual and 

cultural factors which may impact the preservation of remains and the ease with 

which they can be found and recovered. Geotaphonomy however focuses on 

the effect the remains have on the local environment, to understand, interpret 

and reconstruct the impact a grave has on the surrounding geology and 

vegetation (Hochrein, 1997; Hochrein, 2002a). Divided into seven areas, 
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geotaphonomy explores stratification, tool marks, bioturbation, sedimentation, 

compression/depressions, internal compaction and pH alterations (Evis pers 

comm, 2020). These factors leave behind clear indicators on the surface and 

within the subsoil, which could present a useful way of aiding with the search for 

mass graves. 

Therefore, the focus of this research project is to critically examine the effects 

mass graves have on the subsoil and surrounding landscape, to determine if it 

is possible to use these geotaphonomic modifications as alternative methods to 

locate both archaeological and forensic mass graves. This need for finding 

more effective detection methods is essential, as there are still so many 

undiscovered mass graves. The use of ineffective methods can also waste vital 

time and resources, cause loss of evidence and have major implications on a 

case should it ever be taken to court.   

1.1 Research Question  

Do taphonomic signatures have a big enough impact on the surrounding 

landscape and subsoil to be used as a method for locating mass graves? 

1.2 Research Aim 

This research aims to determine which, if any, of the taphonomic signatures 

commonly found at burial sites can be used as a method for locating both 

archaeological and forensic mass gravesites.  

1.3 Research Objectives  

To achieve the research question and aim the objectives of this research project 

are: 

To critically review published academic literature to identify possible taphonomic 

signatures of a mass grave. 

To use published academic literature to determine the effects taphonomic 

signatures might have on the subsoil and surrounding landscape. 

To ascertain if the taphonomic effects of an archaeological mass grave are 

different from that of a forensic mass grave.  

To identify the techniques used/could be used to locate archaeological and 

forensic mass graves. 
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To determine which techniques could successfully detect the taphonomic 

signatures created by a mass grave. 

1.4 Research Structure  

The structure of this project follows the processes used during forensic 

procedures. Forensic investigations begin with desk-based analysis, designed 

to identify and gather background information on a specific area under 

investigation. Once the site has been identified archaeologists and 

anthropologists visit the scene to carry out a non-invasive search, designed to 

minimise the disturbance or damage of any evidence. An invasive search is 

then carried out to confirm the presence of a grave and to gain a greater 

understanding of the subsoil before a full-scale excavation is conducted. 

Chapter 2: Mass Graves, looks at what a mass grave is, the types of burials 

associated with mass graves, examples of known archaeological and forensic 

mass graves, and recovery rates of mass grave victims.  

Chapter 3: Regulations, explores the regulations that underpin every 

investigation. Archaeologists are expected to follow the correct laws, legislation, 

standards, guidance and policies to ensure the protection and preservation of 

archaeological evidence. Forensically, upholding the required regulations helps 

to ensure the integrity of the investigation, so evidence can be used in a court of 

law if needed. For those who do not study regulations they can be complicated 

and confusing, this chapter provides background on domestic and international 

legal systems and the regulations that affect archaeologists and forensic 

personnel within the UK.  

Chapter 4: Desk-based assessments, discusses the planning of an 

investigation, and the gathering of information through witness-led approaches, 

remote sensing, historical records and cartographic analysis.  

Chapter 5: Physical alterations, considers how mass graves physically alter the 

surrounding landscape, the use of visual foot searches and the application of 

remote sensing to detect these alterations.  

Chapter 6: Stratigraphic alterations, examines geological vs archaeological 

stratigraphy and stratification, geophysical prospection, and the invasive 
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approaches that can be used to confirm the presence of a mass grave and 

detect geotaphonomic phenomena.  

Chapter 7: Chemical alterations, analyses decomposition and the causes of 

chemical alterations, as well as the use of cadaver detection dogs, thermal 

imaging and soil analysis techniques to detect these changes.  

Chapter 8: Key findings, presents the key taphonomic alterations and 

techniques for identifying these taphonomic signatures in the form of tables.  

Chapter 9: Discussion, draws together everything from each of the previous 

chapters to summarise the applicability of every taphonomic signature and 

detection method in line with each of the research objectives.  

Chapter 10: Conclusion, answers the overall research question and aim by 

stating which taphonomic signatures could be used to detect mass graves.  

 

  



19 
 

Chapter Two: Mass Graves 

The characterisation of a mass grave is highly disputed. Although, the term is 

regularly discussed in conjunction with the number of individuals it contains 

(Haglund et al., 2001; Schmitt, 2002; Wright et al., 2005; Wright, 2010; Tyner, 

2014; Blau et al., 2018). This debate is evident when comparing the work of 

Mant (1987), Skinner (1987), Schmitt (2002), Robertson (2007), Jꬱger (2012) 

and Guyomarc’h and Congram (2017). Whilst there are overlaps, they all 

present different interpretations of the subject.  

Mant (1987) and Schmitt (2002) argue a minimum of two individuals should be 

present to classify a mass grave, whereas (Skinner (1987) suggests at least six 

individuals. In contrast, Jꬱger (2012) and Guyomarc’h and Congram (2017) 

imply a minimum of three, to distinguish it from a double or joint grave. 

Regardless, defining a mass grave solely on the number of people interred 

within presents inconsistencies and potentially causes smaller mass graves to 

be misinterpreted or overlooked (Jessee and Skinner, 2005). As such, each 

researcher does collectively agree that the remains within the mass grave 

should be indiscriminately placed, tightly packed and often commingled (Mant, 

1987; Skinner, 1987; Schmitt, 2002; Robertson, 2007; Jꬱger, 2012; 

Guyomarc’h and Congram, 2017). More recently, Klinker and Smith (2020: 4) in 

the Bournemouth Protocol on Mass Grave Protection and Investigation defined 

the term mass grave, which is undefined in international law, as a site or 

defined area containing a multitude (more than one) of buried, submerged or 

surface scattered human remains, where the circumstances surrounding the 

death and/or the body-disposal method warrant an investigation as to their 

unlawfulness. 

Having taken into consideration the different definitions of mass graves 

recorded above, throughout this project, a forensic mass grave will be classified 

as any burial site containing the bodies of victims who have died as a result of 

war and/or human rights atrocities, and then placed indiscriminately, 

disrespectfully and/or deliberately into a grave.  

To effectively examine the taphonomic impact of a mass grave, it is first 

necessary to analyse the following: 

• What types of burials are associated with mass graves? 
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• Examples of mass graves in archaeological and forensic practice. 

• What are the recovery rates of mass grave victims? 

• What are the reasons for the current recovery rate figures? 

The discussion of these points provides background and insight into why more 

effective ways of locating mass graves are needed. 

2.1 Categorising Burials 

Whether single or mass, a grave is categorised as either a primary, secondary 

or sometimes tertiary deposit, internment or burial site (Garland and Janaway, 

1987; Haglund and Sorg, 1997; Killam, 2004; Cox et al., 2008; Dupras et al., 

2012). 

2.1.1 Primary Burials  

A primary burial refers to the original internment site, in most mass grave cases, 

it is the execution site or where the victims are transported soon after death 

(Garland and Janaway, 1987; Haglund and Sorg, 1997; Roksandic, 2002; 

Sprague, 2005; Hester et al., 2008; Dupras et al., 2012). The remains will 

appear jumbled and/or disorganised with evidence of the execution method and 

smaller bones visible (Mant, 1987; Skinner, 1987; Schmitt, 2002; Jessee and 

Skinner, 2005). Despite naturally occurring decomposition movement, they will 

appear articulated and in the correct anatomical position, indicating that since 

the start of advanced decomposition, they have not been moved (Hester et al., 

1975; Roksandic, 2002; Dupras et al., 2012). These key features imply the 

grave remained undisturbed before the archaeologist’s excavation.  

2.1.2 Secondary Burials  

A secondary burial is created when decomposing remains are removed from 

their original resting place and deposited in another location (Ubelaker, 1974; 

Duday, 1985; Sprague, 2005; Hester et al., 2008; Smits and van der Plicht, 

2009). Forensically they are designed to conceal crimes and prevent 

police/international organisations from finding the remains (Jessee and Skinner, 

2005; Jugo and Wastell, 2015). Whilst secondary mass graves are associated 

with forensic casework, burial pits excavated in Ypenburg (Netherlands) 

revealed they are also present in archaeological casework (Killam, 2004; Smits 

and van der Plicht, 2009). 
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The remains are severely disarticulated and commingled unless deliberately 

placed anatomically into the new grave, as they are usually transported by 

heavy machinery (Roksandic, 2002; Jessee and Skinner, 2005). This causes 

the bones to become fragmented, often only the skull, long bones, and flat 

bones are present in the new grave because the smaller bones get missed and 

left behind (Duday, 1978; Killam, 2004; Dupras et al., 2012). 

2.1.3 Comparing Primary and Secondary Burial Features 

Primary and secondary mass graves have many distinguishable features (Table 

1) used to define the type of grave being excavated. Remains in a primary mass 

grave are likely to be deposited in a disorderly fashion, but will still show 

articulation, soft tissue and soil staining from decomposition fluids. In secondary 

mass graves, however, remains will be severely commingled, disarticulated and 

fragmented, with most of the soft tissue and smaller bones missing. Whilst there 

are many key differences, they also present similar features, making 

distinguishing between the two challenging. Due to the large-scale nature of a 

mass grave, bodies may have been interred at the same time or added into the 

grave over a specific period before it was backfilled. This, and the victims' 

position within the body mass, there is likely to be significant variations in the 

physical, chemical and biological alteration, depending on where the body is 

positioned within the grave structure. 
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Table 1: A comparison of the main differences and shared features associated with primary and 

secondary mass graves. 

 

Regardless, primary mass graves should not be discerned merely because the 

remains are in the correct anatomical position. The victims may have been 

transported during the early stages of decomposition or wrapped in 

cloth/tarpaulin, preventing the remains from becoming disarticulated during 

transit (Roksandic, 2002). Therefore, archaeologists also look for putrefaction 

anomalies within the body mass, as a primary site will show no evidence of 

disturbed decomposition (Jessee and Skinner, 2005). Meaning both bodies and 

skeletal remains will be present, whereas a secondary or disturbed burial site 

will have no clear decomposition pattern. 

Categorising the type of burial site is particularly important in forensic casework. 

It helps archaeologists understand the events that took place, find key evidence 

and locate further victims buried in other locations. For example, many of the 

former Yugoslavia mass graves contained deliberately removed remains that 

were commingled and/or dismembered (Skinner et al., 2003). These are 

Primary Features Secondary Features  Shared Features 

Remains are deposited in 
a disorderly fashion. 

Remains are often severely 
commingled. 

Bodies are buried at 
once or added over a 
specific period. 

The remains are relatively 
articulated. 

Remains are often 
disarticulated. 

Variation in physical 
changes depends on 
body position. 

Remains are in or near 
anatomical position. 

The remains are unlikely to be 
in anatomical position. 

Variation in chemical 
changes depends on 
body position. 

Soft tissue may be 
present. 

Bones may be fragmented. Variation in biological 
changes depends on 
body position. 

Faster rates of 
decomposition around the 
edges of the body mass. 

Partial skeletal remains 
present. 

 

Slower rates of 
decomposition in the 
centre of the body mass. 

Soft tissue is likely to be 
missing. 

 

Evidence of execution 
method in or close to the 
remains. 

Disarticulated elements such 
as smaller bones missing. 

 

No noticeable disruption to 
the decomposition of the 
remains. 

The soil and artefacts from the 
primary site will be mixed with 
secondary site evidence.  

 

Soil staining from 
decomposition fluid. 
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characteristic features of secondary burials, meaning archaeologists needed to 

work with extreme caution to ensure key evidence does not get missed. 

Secondary mass graves also contain traces of soil and artefacts from the 

original gravesite, the analysis of which can lead archaeologists to the original 

sites and/or link the remains to other previously undiscovered mass graves 

(Roksandic, 2002; Jessee and Skinner, 2005; Vaduveskovic et al., 2020). 

2.2 Examples of Archaeological and Forensic Mass Graves  

This section contains a range of archaeological and forensic mass grave 

examples. Whilst there are many more which could have been researched and 

written about, the majority of these case studies are referred to in later chapters. 

2.2.1 Archaeological Mass Graves 

Mass graves are commonly considered a post-World War Two phenomenon, 

implying they are solely associated with forensic casework (Steele, 2008). 

Whilst archaeological mass graves are harder to locate and in many cases 

stumbled upon by accident, there is documented and excavated evidence of 

them occurring throughout history and prehistory.  

Case Study A1 – Neolithic Death Pit: Talheim, Germany  

One of the earliest known mass graves was located in Germany during the 

early 1980s. Known as the Talheim Death pit, the remains have been 

radiocarbon dated to the Neolithic period (Wahl and König, 1987; Meyer et al., 

2015). Although commingled, the skeletons within the 2m deep pit showed 

signs of being articulated and well-preserved (Meyer et al., 2014; Wahl and 

Trautmann, 2012). Osteological evidence suggested at least 34 individuals 

were originally interred within the pit, with all showing evidence of having been 

killed either from blunt force trauma or arrow wounds, before they were thrown 

into the grave (Meyers et al., 2014; Meyers et al., 2015).   

Case Study A2 – Towton Hall Mass Grave: North Yorkshire, United Kingdom 

In July 1996, a mass grave linked to the Medieval Battle of Towton was found 

by construction workers carrying out ground penetration work at Towton Hall 

(Fiorato, 2007; Curry and Foard, 2016). The Battle of Towton was fought on 

March 29th, 1461 by the houses of York and Lancaster, it was considered to be 

the bloodiest War of the Roses battle, with chronicles reporting 28,000 fatalities 

(English Heritage, 1995; Sutherland and Schmidt, 2003; Fiorato, 2007; Banton, 
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2014; Curry and Foard, 2016). Upon discovery, work at the site was stopped 

and the authorities were altered, once it was determined the remains were not 

recent nor a threat to public health an application for an exhumation licence was 

filed with the Home Office under the Burial Act 1857 (Fiorato, 2007: 2). The 

unexpected discovery of the grave meant the archaeologist's primary aim was 

to recover the remains as quickly as possible, although they also tried to identify 

the nature of the grave and its associated features (Burgess, 2007). A 5m x 3m 

area was excavated, and the remains were located c.45m below the modern 

deposit (Burgess, 1997; 2007). In total 37 skeletons were recovered, which 

equates to less than 1% of the reported battle fatalities. However, people who 

died in battle were often initially buried on the battlefield and later moved to 

consecrated grounds (Curry and Foard, 2016). Suggesting this particular site 

could be a primary burial that was missed or a secondary site the remains were 

later placed in.  

Case Study A3 – Thornton Abbey Black Death Plague Pit: North Lincolnshire, United 

Kingdom (Willmott et al., 2020; 179-196).  

More recently, a mass grave related to the Black Death was found at Thornton 

Abbey by a team of archaeologists from the University of Sheffield, who were 

conducting geophysical and topographical surveys, and targeted excavations of 

the Abbey. Results from a resistivity survey revealed a high-resistance feature, 

which was initially believed to be the site of a subsidiary post-medieval 

structure. Upon opening a trench, it was found to be a grave containing human 

remains. Whilst a cut feature, such as a grave, would normally create a low-

resistance anomaly, the combination of sandy soil, the density of bodies and the 

ease with which water could drain through caused the high-resistance reading. 

The sandy soil also made the grave cut initially difficult to make out and caused 

poor bone preservation. In total 48 individuals were excavated from the site, 

whilst they were buried in a single layer, the eight rows overlapped and became 

more compact together towards the western section of the grave. 
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2.2.2 Forensic Mass Graves  

Case Study F1 – San Vincente Cemetery Mass Grave: Córdoba, Argentina (Olmo et 

al., 2016: 321-331) 

The existence of San Vincente came to light in 1984, when a letter was sent to 

Comisión Nacional Sobre la Desaparición de Personas (CONADEP). Under the 

orders of the Federal Judiciary, cemetery personnel excavated the suspected 

section with bulldozers, disregarding the correct way to recover and handle 

remains/evidence. A mass grave containing an undetermined number of 

skeletons was destroyed and the recovered bones were cremated. The 

disappointing outcome, the Judiciary’s lack of interest, and the laws which 

limited the capacity to prosecute the perpetrators meant the case was 

subsequently shelved. In the early 2000s, Congress prevented the 

implementation of laws that would grant immunity to lose accused of crimes 

against humanity. At the same time, the Judiciary accepted the lawsuits filed by 

relatives of the missing, allowing the Córdoba’s Federal Court to reopen the 

case. 

Conformation of the mass grave's existence was approved by the Argentine 

Forensic Anthropology Team (EAAF). Through the use of witness testimonies, 

which confirmed the 1984 excavation, work began in Sector C to locate the 

grave. Aerial photographs were also used to confirm no burials had been 

carried out in the area before 1974. After the initial 11 trenches yielded no 

remains, the excavation was moved east of trench 11. This area was named 

‘North Front’, the first layer of the grave contained the remains of 19 individuals 

(estimated burial: July 1976), and 30cm below this layer were a further 72 

skeletons (estimated burial: April 1976). 

Case Study F2 – Guadalajara, Castilla La Mancha Mass Grave (Owens, 2021:100156) 

In 2017, 24 victims were recovered from ‘Collective Grave 1’ in a walled-off area 

in the southwestern corner of Guadalajara Municipal Cemetery. The grave was 

approximately 3m deep and orientated southwest to northeast. All remains 

showed good osteological preservation, were fully skeletonised and laid in an 

extended position. Each skeleton was superimposed, either through direct 

contact or separated by a thin layer of soil, there was no indication of the victims 

having been tied up or blindfolded and very few personal possessions. Two sets 
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of remains had legs in disarray, and six has sprawled arms, indicating the 

bodies were dropped/thrown into the grave rather than carefully placed.  

Currently, in Spain, there is no access to government funding, nor support for 

the excavation and identification of victims, due to the lack of acknowledgement 

of the civil war. Although the Law of Historical Memory was enacted in 2007, 

removing all public symbols and monuments associated with Francoism from 

public spaces, very little has been done to recover the victims. In 2000, the 

Asociacion para la Recuperacion de Memoria Historica (ARMH) was founded. 

Funded by international and private bodies, around 153 excavations and 1,330 

remains were recovered between 2000 and 2012, which is a fraction of those 

suspected to be missing.  

Case Study F3 – Tomašica Mass Grave: Prijedor, North of Bosnia (Salihbegović et al., 

2018: 234-235; Fournet and Groningen, 2020: 23-31). 

The Tomašica mass grave is considered the largest European mass grave 

since the Second World War, stretching over 5,000m2 and 10m deep. The site 

was investigated three times between 2000 and 2006, with little found. A final 

excavation took place in September-November 2013, uncovering the full extent 

of the area. Conducted by the Bosnian Institute of Missing Persons with the 

assistance of the International Commission on Missing Persons (ICMP), the 

exhumation and subsequent post-mortems were authorised by the Prosecutor’s 

Office of Bosnia and Herzegovina, to establish the cause of death and obtain 

evidence of a potential war crime. Upon discovery of the grave, the Prosecution 

under Rules 73, 85 and 89 of the Tribunal’s Rules of Procedure and Evidence 

requested the case against Radovan Karadžić be reopened so any new 

evidence could be introduced.  

Four hundred sets of remains were recovered 10m below the surface in clay 

and iron-rich soil. Of the remains, 275 were complete and 125 were partial. The 

true number of victims originally interred in the grave was complex, as it was 

excavated (robbed) in 1993 when a large number of remains were removed and 

placed in secondary mass graves. This conclusion was drawn as the grave 

showed signs of machine tool marks, consistent with heavy machinery, it was 

estimated that 30-40% was disturbed before the investigation. Investigators 

were also later able to link the Tomašica mass grave with a secondary site in 

Jakarina Kosa. The remains were well preserved, whilst many were completely 
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or largely skeletonised, a substantial amount still had skin, soft tissue and 

internal organs. The majority also showed evidence of gunshot injuries either to 

the head, chest or both.  

2.2.3 World War One and World War Two Mass Graves 

At the start of this project, the boundary between archaeological and forensics 

was established as 100 years. Following that timeframe means mass graves 

associated with World War One (WW1) would be classed as archaeological, 

whilst World War Two (WW2) mass graves are still within the forensic 

boundary. From a legal perspective, in some countries, WW1 and WW2 

casualties fall under the remit of the archaeological framework, whilst in others, 

a forensic legal framework is referred to (Márquez-Grant et al., 2021). Given 

this grey area and the complexity of defining it as archaeological or forensics, 

within this research, they have been categorised separately. 

Case Study WW1 – Battle of Fromelles, 1916 Pheasant Wood Mass Grave (Loe et al., 

2014: 1-87) 

A joint operation between the Australian Imperial Force and the British Army, 

the Battle of Fromelles took place on the 19th/20th of July 1916 and resulted in 

5500 Australian and 1500 British casualties, of which 2000 Australians and 500 

British died. Eight mass graves were dug by the Germans near Pheasant 

Wood, Fromelles, Northern France. Although the battlefields were searched and 

the recovered bodies buried in Commonwealth War Graves Commission 

(CWGC) cemeteries after Armistice in 1918, those buried in Pheasant Wood 

went undiscovered.  

In May 2009, Oxford Archaeology carried out the excavation and analysis of 

250 soldiers buried in unmarked graves at Pheasant Wood. Undertaken on 

behalf of the CWGC acting for the Australian Department of Defence and the 

UK Ministry of Defence, the project team was comprised of 30 specialists and 

consultants, many of which had mass graves excavation experience. 

Throughout the excavation, a forensic chain of custody approach was 

maintained. All remains and artefacts had to be signed for whenever they were 

moved. Only authorised personnel could enter the graves, all of which were 

covered by tents. The compound itself was handed to security every night and 

was inspected every morning for signs of grave disturbance. Site evidence logs 
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and strict protocols were followed, and all evidence was also signed over to the 

mortuary manager at the end of each day and kept under lock and key.  

Aerial photograph’s taken after the battle revealed evidence of eight negative 

features dug in two parallel lines at the edge of Pheasant Wood. Photos taken 

before the 19th of July 1916 showed no sign of these features, whilst photos 

taken after the 23rd of July 1916 did. References to the mass graves were also 

recorded in a letter written at the time and in a soldier's memoirs. The 21st 

Bavarian Reserve’s war diary, held in a Munich Archive, also contained detailed 

instructions for burying the ‘English’ dead in mass graves south of Pheasant 

Wood. At the site, topography, geophysics, ground penetrating radar (GPR), 

and metal-detecting surveys confirmed the existence of the eight features. Test 

excavations were then conducted to confirm the presence of the graves and 

that the remains interred within were Australian and British soldiers.  

In total, eight graves were excavated over four months, these graves were 

approximately 10m by 2m, and between 1.57m and 0.98m deep. Five of the 

graves contained 44-52 individuals buried in two layers, two graves contained 

no individuals, and one grave contained just three individuals lying one on top of 

the other. Once the graves were pedestalled, all bodies and artefacts were 

removed stratigraphically and following the sequence of procedures 

recommended by Cheetham et al., (2008). Per French law, the first exposed 

bodies were witnessed and signed off by the local gendarmes (police). Along 

with the remains and artefacts, lumps of chalk and lime, groundsheets and 

cables were also discovered within the graves. The presence of fly pupae 

indicated the bodies were either buried or the graves were backfilled 5-10 days 

after the battle took place. 

At the time of publication, 144 Australian soldiers have been identified. Of the 

remaining 106, 75 are considered to have served in the Australian Army, two in 

the British Army, and 29 are unknown.   

2.3 Recovery Rates of Mass Grave Victims  

Across archaeological and forensic casework the existence of accurate records 

depicting the number of missing people is limited (Tabeau and Bijak, 2005). 

Archaeologically, records are likely to have been lost, not recorded or 

exaggerated. Medieval battles provide key examples of this, the chronicles 
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recording the battles predominantly exaggerated the number of dead, 

particularly on the losing side; this was done to claim the winning side has a 

bigger, more impressive victory (Sutherland, 2009). Forensically, the most 

recorded number of missing people is the result of armed conflict and/or human 

rights atrocities, which have been investigated through tribunals and 

prosecutors. However, data verification is not always possible, which often 

results in the records being incorrect (Leitenberg, 2006; Hanson, 2016). The 

figures relating to the number of missing people are rarely collected by a neutral 

party, there is often an underlying agenda causing statistics to be too high or 

too low (Leitenberg, 2006; IOM, 2014). Data compiled by Human Rights groups 

are often higher than official figures, to have a bigger impact on their target 

audience. They also have different criteria when recording missing people, 

some figures only include combatants, whilst others also include civilians, 

altering the data. Authorities are also more reluctant to acknowledge/conceal 

information regarding civilian deaths/missing to avoid prosecution (ICRC, 2006).  

2.3.1 Archaeological Recovery Rates 

Due to the reasons stated above, archaeological recovery rates cannot be 

calculated. Whilst in the case of many medieval battles the chronicles recording 

it exists, there is no way of knowing if the figures are correct or exaggerated by 

the winning side. The comparison between three archaeological mass graves 

and three forensic mass graves (Figure 1) suggests they contain significantly 

fewer victims that their forensic counterparts. 

Figure 1: Comparison of the number of remains recovered from three archaeological mass graves 
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and three forensic mass graves (Data collated from Haglund et al., 2001: 62; Meyers et al., 2014: 

313; Jugo and Wastell, 2015: 157; Willmott et al., 2020: 183).  

2.3.2 Forensic Recovery Rates  

The scale and nature of forensic mass graves mean victims can be buried for a 

matter of months, years, or decades; as most investigations take place many 

years later and/or last for many years (Hanson, 2016). Initially, victim recovery 

rates are often high and subsequently drop with each passing year. This is 

evident in Figure 2, although the recovery rate in Cyprus follows a natural rise 

and fall trend, the number of victims found each year has significantly dropped 

particularly since 2015.  This decrease in recovery rates could be due to several 

reasons, such as the reduction in the number of witnesses and their fading 

memories of the event, environmental changes, and the building of 

infrastructure on potential gravesites (Abate et al., 2019).   

Figure 2: The mass grave victims recovered by the Committee on Missing Persons in Cyprus 

(CMP) between 2005 and 2022 (Data collated from CMP, 2022).  

Although determining the exact number of people originally buried within a 

mass grave is difficult, recovery rates can be calculated using the overall 

number of missing people and the number of remains already recovered. Figure 

3 presents the number of missing for six different countries, Argentina (20,000), 

Colombia (45,154), Cyprus (2,002), Iraq (300,000), Spain (114, 226), and the 

former Yugoslavia (40,000) (Hernandez, 2013; Soendergaard, 2013; Sarkin et 

al., 2014; UN Human Rights Council, 2014; Hanson, 2015; CMP, 2022). These 

figures are relatively broad due to the size of the country and the length of time 

the conflict lasted, the total number of missing in Iraq is also likely to be higher 

than what is recorded here, as the data was collected in 2015.  
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Figure 3: People missing as a result of conflict and/or human rights atrocities in Argentina, 

Colombia, Cyprus, Iraq, Spain, and the former Yugoslavia (Data collated from Hernandez, 2013; 

Soendergaard, 2013; Sarkin et al., 2014; UN Human Rights Council, 2014; Hanson, 2015; CMP, 

2022). 

Despite mass grave investigations lasting for many years, forensic teams are 

often only able to recover a small percentage of those reported missing 

(Hanson, 2016). The data presented in Figure 4 highlights the number of victims 

recovered from Argentina (as of 2013), Colombia (as of 2013), Cyprus (as of 

2022), Iraq (as of 2015), Spain (as of 2020), and the former Yugoslavia (as of 

2014).  

Figure 4: Victims recovered from mass graves in Argentina, Colombia, Cyprus, Iraq, Spain and the 

former Yugoslavia (Data collated from Hernandez, 2013; Soendergaard, 2013; Sarkin et al., 2014; 

Hanson, 2015; Medina, 2020; CMP, 2022). 
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Whilst the majority of the data above is not up-to-date, Figure 5 clearly shows 

that the recovery rate of mass grave victims is incredibly low. Particularly when 

looking at the recovered percentages for Argentina (3%), Colombia (12%), Iraq 

(2%), and Spain (8%). Although the rates of recovery are significantly higher in 

Cyprus (59%) and the former Yugoslavia (70%) there is still a long way to go 

before all the victims are recovered. 

Figure 5: Percentage of victims recovered compared to the percentage not yet recovered 

(Percentages calculated from data recorded by Hernandez, 2013; Soendergaard, 2013; Sarkin et al., 

2014; UN Human Rights Council, 2014; Hanson, 2015; Medina, 2020; CMP, 2022). 

Skinner (1987) argues locating mass graves is relatively easy because of the 
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and investigate their mass graves.  
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domestic space. This could explain why the recovery rates for Iraq are so low, 

the desert nature of the decomposition sites means the grave could be 

anywhere within the vast open landscape, making it harder to pinpoint an exact 

location. There is also less likely to be a significant landmark within the desert, 

which could impact using witness testimonies when narrowing it down as 

everything is likely to look the same or similar. 

Nevertheless, this explanation does not account for the low figures of Spain and 

Argentina as many of their mass graves already located have been found within 

cemeteries as unmarked graves. Examples of this can be seen in Case Study 

F1 (pg. 25) for Argentina and Case Study F2 (pg. 25-26) for Spain. Those 

working on recovering the Spanish civil war mass graves also do not have 

access to government funding, nor do the government support the efforts to 

excavate and identify the victims, hindering the recovery process. 

Although the contextual nature of the mass grave needs to be taken into 

consideration when considering the low victim recovery rates; evidence 

suggests that the higher rates of recovery are linked to forensic teams having 

access to resources and funding. This assumption can be backed by Puerto 

and Tuller (2017: 223) who state that recovery rates are often low because of 

the shortage of experts who can aid investigations; limited facilities and 

equipment that can effectively deal with large-scale mass graves; a lack of 

experts who have first-hand experience of large-scale operations; lack 

witnesses who know where the graves are/willing to say; a lack of funding 

provided by governments and/or organisations to help with the investigation.  

2.4 Conclusion  

As a result of the low recovery rate for mass grave victims, this research into 

the subsoil and landscape changes of mass graves must be undertaken. 

Cheaper, more effective and less time-consuming methods that can effectively 

locate large-scale mass graves need to be found to ensure more families are 

provided with answers to what happened to their loved ones. Examining 

archaeological mass graves alongside their forensic counterparts can provide 

empirical knowledge of how the subsoil and surrounding landscape of a mass 

gravesite change over time, which could help inform forensic practices. 
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Chapter Three: Regulations  

Collectively known as regulations; laws and legislation, and standards and 

guidance, make up an important part of both fieldwork and forensic 

investigations. Archaeologists locating, recovering and examining gravesites 

and human remains require awareness and understanding of the current 

regulations, particularly concerning the sensitivities surrounding human remains 

(Shelbourn, 2013). However, for those who have never studied or know little 

about them, regulations are confusing, partly because they are continuously 

being developed (Denham, 1983; Slapper and Kelly, 2014). The number and 

type of regulations that need upholding is also dependent on the casework 

being archaeological or forensic, domestic or international (Carman, 2012; 

Carman, 2014). Regardless, archaeologists are subject to strict regulations.  

Archaeologically, cultural heritage and historic environments are fragile and 

valuable resources that need managing to ensure their protection (Watkins, 

1999; Soderland and Lilley, 2015; CIfA, 2021). Even stricter are the constraints 

which surround how human remains are treated and studied within established 

research frameworks (Mays, 2017). As a result, a balance between preserving 

archaeological evidence and improving knowledge, through excavations and 

other destructive processes, needs to be maintained (Mays, 2017; CIfA, 2021). 

Archaeologists should weigh up the short and long-term pros and cons before 

proceeding with an investigation because failing to uphold any regulation could 

lead to the destruction of artefacts, incorrect recording, loss of historical data, 

and the potential for the archaeologist to lose their accreditation and 

professional standing within the field.  

Forensically, the same level of care and consideration is followed. However, 

greater significance is placed on recording sites and remains correctly, as 

mistakes can jeopardise the investigation’s integrity and may prevent evidence 

from being used in court (Galloway et al., 1990; O’Connor, 2012). Greater 

emphasis is also placed on having an awareness of the legal system in the 

country they are working in, as the wrong procedure can cause evidence to be 

classified as inadmissible in court (Dilley, 2005). The late 1990s peacekeeping 

mission in Kosovo provides a great example of this. The mission was the first 

task force that gave United Nations (UN) police executive powers to arrest and 

interview alleged criminals linked to the Kosovo War (Friesendorf, 2012; 
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O’Connor, 2012). However, Kosovo’s legal system requires an investigating 

judge, not a police officer to conduct interviews, causing already obtained 

evidence to become inadmissible in court and subsequently harmed the 

investigation (O’Connor, 2012). The UN police were unable to use already 

gathered evidence against the alleged criminals at trial. Whilst this example is 

not directly referring to archaeological casework, it identifies the importance of 

having a basic awareness of local regulations.  

As such, this chapter sets out to provide archaeologists with a basic 

understanding of domestic legal traditions, the UK legal system, the 

international legal system, and the regulation most likely to affect them during 

archaeological and forensic casework in the UK.   

3.1 Domestic vs International Legal Systems 

Every country has a Domestic Legal System (DLS), which has been adapted 

from well-established historical legal traditions. However, these variations mean 

investigations are handled differently depending on the country. For example, in 

some countries, police carry out criminal investigations, whilst, in others, they 

are conducted by investigating judges. Whereas, International law is an entirely 

separate and relatively modern legal system, which has primarily expanded 

since the end of the Second World War. The International Legal System (ILS) 

has two main branches, the International Court of Justice (ICJ) and the 

International Criminal Court (ICC). This section focuses on the differences 

between domestic legal traditions, the legal system of the United Kingdom (UK) 

and ILS. Although there is not an in-depth reference to other international 

domestic systems, they have been referred to in the case studies presented in 

Chapter Two. 

3.1.1 Domestic Legal Traditions  

Legal traditions underpin every country’s legal system; they are deep-rooted 

historical attitudes which form the nature, organisation and operation of modern 

law, its role within society, and how the law is made, studied, perfected, taught 

and applied (Merryman, 1969: 2; Merryman and Pérez-Perdomo, 2007; Duve, 

2018).
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Figure 6:  World map showing which countries use Common, Civil, Customary, Mixed and Religious Law (Data Collated from the CIA, 2022).
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There are five main legal traditions used worldwide (see Figure 6 above), Civil 

Law, Common Law, Customary Law, Mixed Law and Religious Law. Across 255 

countries, islands and territories, Figure 7 established that the most widespread 

legal tradition is Civil Law, followed by Mixed Law and Common Law. Less 

common are Religious Law and Customary Law.  

 
Figure 7: The number of countries following each legal tradition (Source: Author). 

The Common Legal Tradition  

Common Law was formed as a direct result of the 1066 Norman Conquest, 

although Anglo-Saxon law remained the dominant system in England until 

around the mid-12th century (Plucknett, 1956; Dainow, 1967; Milsom, 1981; 

Denham, 1983; O’Connor, 2012; Slapper and Kelly, 2014; Brouwer, 2018: 

Baker, 2019; Gow Calabresi, 2021). Under this system, the people of England 

were able to sit in court as members of the jury, because people were illiterate, 

the trials were predominantly verbal events; something which can still be seen 

in court today (O’Connor, 2012; Baker, 2019). Since its establishment, Common 

Law has spread throughout the world to numerous countries, including those 

listed in Table 2 below, all of which were at one point part of the British Empire. 

Many of them remain members of the Commonwealth, today.  

Table 2: Countries following the Common Law legal system (Data collated from O’Connor, 2012; 

Gow Calabresi, 2021). 
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Laws controlling cases are based on case-by-case legal benchmarks, 

developed by legislation and judges (Palomares, 2014). Meaning legislation is 

not the only source used to decide case outcomes, rather, principles of law 

developed during past key cases also bind judges’ rulings in future trials 

(Dainow, 1967; Embley et al., 2020). Defence and prosecution teams argue a 

case before a judge and a panel of 12 jurors, and the jury, made up of people 

with no legal training, decides whether the facts presented are enough to give a 

guilty verdict  (Corrado, 2010; Baker, 2019). In short, rulings are given by the 

jury, whilst the judge decides how the law is applied to ensure the sentence fits 

both the verdict and the committed crime. 

The Civil Legal Tradition 

Civil Law is the oldest and most widely spread legal system, having developed 

from Roman Law (Dainow, 1967; Cueto-Rua, 1977; Denham, 1983; O’Connor, 

2012; Palomares, 2014; Slorach et al., 2017; Brouwer, 2018). However, it took 

much longer to spread than Common Law did. It didn’t develop beyond Europe 

until European countries began colonising Africa, Asia, the Middle East and 

South America (O’Connor, 2012; Brouwer, 2018). Formed from a combination 

of cultural, ideological, political, technical, economic, and scientific elements 

Civil Law is an inquisitorial system (Cueto-Rua, 1977: 645; Corrado, 2010; 

Slorach et al., 2017). Therefore, an investigating judge gathers evidence, 

questions witnesses and the defendant, and presents all findings to the trial 

judges (Hodgson, 2005; Roberson and Das, 2008). 

The Mixed Legal Tradition 

Mixed Law, also known as Hybrid Law, is formed when two or more legal 

traditions operate within one legal system (Tetley, 2000; Palmer, 2007; Jousten, 

2010; Siems, 2018). There are a variety of different combinations, including but 

not limited to Common and Religious Law, Civil and Religious Law, Civil and 

Customary Law, Common and Customary Law, Religious and Customary Law, 

and Common and Civil Law (Du Plessis, 2006; Palmer, 2012). Due to this, the 

patterns of law each country follows are numerous, this means there is often no 

common origin between nations and the application of law (Zartner, 2014; 

Siems, 2018). The majority of countries which use Mixed Law can be found in 

Africa, areas of the Middle East, and South and Southeast Asia; it stems from 

past invasions and colonisation (Jousten, 2010; Zartner, 2014; Siems, 2018).  
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The Religious Legal Tradition 

Islamic, Hindu and Jewish Law are the main religions that fall under Religious 

Legal Traditions (Siems, 2018). The oldest and most commonly used of these is 

Islamic law, which is based on the divine teachings recorded in the Qur’an 

(Jousten, 2010; Zartner, 2014). Religious Law originated in the Arabian 

Peninsula, over the last century its influence has spread into regions of 

Northwest India, Central Asia, North Africa and the Iberian Peninsula (Jousten, 

2010). Although moral obligations and religious duties vary between religions 

they all encompass a wide range of principles and teachings, grounded in 

religious texts (Shinar and Su, 2013). As such, religious courts view their 

authority as originating from a religious standardised system, which often 

prevents them from diverging from Religious Law (Scolnicov, 2006). Therefore, 

Religious Traditions are primarily based on very different ideas from that of 

Common and Civil Law, this is because scriptures like the Qur’an are divinely 

viewed and cannot be amended by legislators or set aside by judges (Jousten, 

2010; Zartner, 2014). 

The Customary Legal Tradition 

Customary Law is based on the four other legal traditions used by nations 

across the globe (Chirayath et al., 2005; Tobin, 2011; Glenn, 2014). It is a set of 

principles, open to negotiation, that over time have been accepted and adopted 

as social norms (Tobin, 2011; Hinz, 2012; Shears-Moses, 2013). Customary 

Law is said to have emerged during the colonial era, as a tool for controlling a 

nation's resources (Berat and Gordon, 1991). However, it played an important 

role in the laws of a community and/or group long before this, although the law 

was never written down (Young, 1994; Siems, 2018). Whilst many nations use 

Customary Law in conjunction with other legal systems, today, only three 

countries rely solely on Customary Law; these are Guernsey, Jersey and South 

Sudan.  

3.1.2 The Legal System in the United Kingdom 

The UK is formed from the political union of England, Wales, Scotland and 

Northern Ireland. However, it does not operate under a single legal system due 

to the different geographical combinations (e.g. the British Isles includes the 

Channel Islands) (Boylan-Kemp, 2014; Wilson et al., 2016; Gillespie and 

Weare, 2021). England and Wales operate under one system, whilst Scotland 
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and Northern Ireland have completely separate systems and powers to create 

and apply legislation in their regions (Bailey et al., 2007; Boylan-Kemp, 2014). 

Despite their structures and systems being different, all UK courts deal with two 

branches of law, criminal and civil law.  

The criminal justice system operates within the boundaries of criminal law, to 

decide who is guilty or innocent of a crime and establish a punishment that fits 

the nature of the committed crime (Sanders et al., 2010; Slorach et al., 2017; 

Monaghan, 2020; Allen and Edwards, 2021; Gillespie and Weare, 2021). 

Therefore, its purpose is to preserve public order, protect members of the public 

from offensive and injurious acts, and safeguard them from exploitation and 

corruption (Thomas, 2020). By setting the standard of behaviour that is 

expected to be followed, and presenting the conditions under which offenders 

are reprimanded (Monaghan, 2020; Herring, 2021). Padfield (2014: 3) and 

Thomas (2020) state that the UK criminal justice system: 

• Enforces moral values 

• Punishes those who deserve to be punished 

• Protects the public from harm 

• Reforms offenders 

• Deters offenders/potential offenders 

• Educates people about appropriate conduct and behaviour 

• Protects vulnerable people from exploitation and corruption 

• Protects individual rights and liberties 

• Maintains public order 

• Enforces legal rules and order 

• Regulates human behaviour and relationships  

Unlike the criminal justice system which deals with public law, the civil justice 

system encompasses public and private law. Private law refers to the 

relationship between individual people, whereas, public law concerns the 

relationship between an individual and the state (Cownie et al., 2013; Slapper 

and Kelly, 2014; Gillespie and Weare, 2021). It is commonly thought that civil 

disputes are resolved in court, however, they are more likely to be settled 

outside of the courtroom. The civil justice system simply provides individuals 

with the opportunity to find a resolution for disputes, by reimbursing or 
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compensating the victim (Harris, 2007; Finch and Fafinski, 2017; Wilson et al., 

2020). 

Whilst there are differences between the criminal and civil justice systems, the 

boundaries between the two branches have become increasingly blurred and 

interlinked (Sanders et al., 2010; Jefferson, 2015). Although civil courts wait for 

criminal proceedings to be concluded and the defendant sentenced, civil law 

plays a part in criminal law by compensating the victims for their loss (Sanders 

et al., 2010; Slorach et al., 2017). 

The Court System of England and Wales 

All criminal cases start in the Magistrates Court (see Figure 8), and each case is 

presided over by two or three volunteers known as Justices of Peace or 

Magistrates (White, 1999; Slapper and Kelly, 2014; Wilson et al., 2016; 

Partington, 2019). Two different types of trials take place within this court. The 

first is the summary trial, these are minor criminal cases (i.e. common assault or 

traffic offences), which result in less serious sentences such as fines or 

community service (Kiralfy, 1990; Slapper and Kelly, 2014). The second is the 

pre-trial stage of a full criminal trial and is the first time a defendant appears 

before the court. Known as the sending for trial, Magistrates check the evidence 

is sufficient for the defendant to answer for their crimes and then send the case 

to the Crown Court (Partington, 2019). Within the Crown Court, all cases take 

place in front of a single judge and a panel of 12 jurors (Wilson et al., 2016). 

The prosecutor and defence barristers each give an opening statement, present 

evidence, examine and cross-examine witnesses and expert witnesses, and 

finally a closing statement (Boylan-Kemp, 2014). Members of the jury deliberate 

and give the verdict of either guilty or not guilty based on the evidence and 

testimonies they have heard throughout the trial. If the defendant is found not 

guilty then the judge dismisses the case. Should they be found guilty then the 

judge passes a sentence that matches the crime that has been committed. The 

role of archaeologists and/or anthropologists within the Crown Court is to 

appear as expert witnesses should they be called upon to present the findings 

of their investigation to the court.  
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Figure 8: Criminal court structure in England and Wales (Source: Author). 

Depending on the type of case, civil cases start in one of three courts, 

Magistrates Court, County Court or Family Court (see Figure 9). The County 

Court has the most jurisdiction over civil complaints requiring the High Court, it 

also provides locally accessible mediation for small-scale litigation such as 

small claims (Ward and Akhtar, 2011; Slapper and Kelly, 2014; Partington, 

2019). The next stage is the High Court, which is divided into three divisions, 

the Queens Bench, Chancery and Family division (Boylan-Kemp, 2014; Slapper 

and Kelly, 2014; Partington, 2019). The Queens Bench deals with both criminal 

and civil cases, although its main role is to preside over cases referring to 

contract and tort law (Ward and Akhtar, 2011; Darbyshire, 2014). Whilst the 

Chancery division works on a wide range of civil cases such as mortgages, 

trusts, bankruptcy, insolvency and patents, to name but a few (Ward and 

Akhtar, 2011; Wild and Weinstein, 2013; Darbyshire, 2014). Finally, the Family 

Division deals with cases related to children under the Children Act 2004 such 

as adoption, guardianship, wardship, and family property (Martin, 2007; Wild 

and Weinstein, 2013; Darbyshire, 2014). 
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Figure 9: Civil court structure in England and Wales (Source: Author). 

The Court System of Northern Ireland  

The Northern Ireland court structure (Figure 10) is closely linked to the court 

structure used in England and Wales (Dickson, 2004; Goodall, 2004). Although 

the legislation is different, all criminal cases start in the Magistrates Court, with 

the most serious cases then being sent to the Crown Court (e.g. murder and 

manslaughter). Whilst the majority of civil cases also start in either the 

Magistrates or County Court, the main difference is the Enforcement of 

Judgements Office which enforces all civil cases related to the recovery of 

money, goods, and property of the court (Goodall, 2004; Department of Justice, 

2021). 

Figure 10: Court structure for Northern Ireland (Information obtained from Judiciary NI, 2021). 

The Court System of Scotland  

The Scottish legal system operates completely separately from the rest of the 

UK in terms of its court structure and legal tradition, as a hybrid system, it is 

comprised of both Common and Civil Law (Reid and Edwards, 2009). Civil 

courts in Scotland include the Sheriff Court, the Outer House of the Court of 

Session, the Inner House of the Court of Session and the House of Lords 

(Marshall, 1999). Where possible most civil cases are settled outside the court, 

as litigation is a slow, expensive and uncertain process (White and Willock, 

2003). Criminal courts on the other hand include the District Courts, Sheriff 

Courts, the High Court of Justiciary (Trial) and the High Court of Justiciary 

(Appeals) (Marshall, 1999). Criminal cases are divided into two jurisdictions; 
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solemn cases which are tried on indictment and summary cases which are tried 

on the complaint and take place in front of a single sheriff or magistrate (Walker, 

1981).  

3.1.3 The International Legal System  

International law, also known as public international law, is deeply rooted in 

history. It can be traced from Ancient Greece and Rome, through the Middle 

Ages, to the present day (Kaczorowska-Ireland, 2015). The modern form of 

international law developed after the French invasion of Italy in 1494, since 

then, nations have characterised the principle of international law as a balance 

of power and diplomacy between countries (Fassbender and Peters, 2012). In 

short, international law is a collaboration of agreements in the form of customs 

and treaties, which provide a framework for the order and stability of 

relationships between nations (Higgins, 1994; Watts, 2001; Gardiner, 2003; 

Baber and Bartlett, 2011). 

The Development of International Criminal Law  

The most influential event that first led to the development of International 

Criminal Law (ICL) was piracy, which in this context, refers to a broad range of 

violent acts that took place on the high sea (Simpson, 2007; Fichtelberg, 2008; 

Zou, 2009; Samuels, 2010). Piracy was considered a unique criminal problem 

because no single nation owned (or still does own) the oceans, meaning these 

crimes took place outside of the sovereign territory of any state (Fichtelberg, 

2008; Samuels, 2010). Due to the threat they posed, the first international legal 

document to end piracy was enacted in 1856; known as the Treaty of Paris, it 

paved the way for the development of other specialised ICLs (Zou, 2009). The 

next major development was the signing of the Treaty of Versailles, which held 

countries accountable for their war crimes. The 1919’s League of Nations was a 

forerunner for the United Nations (UN) and a pivotal moment in shaping modern 

international law (Kaczorowska-Ireland, 2015).  

Following the Second World War, the International Military Tribunal at 

Nuremberg, known as the Nuremberg Trials, was created (Kittichaisaree, 2001). 

In total 24 major Nazi war criminals were prosecuted for offences related to war 

crimes, crimes against humanity and crimes against peace (Kittichaisaree, 

2001; Bantekas, 2010). These trials meant that for the first time, individuals 

rather than states were held accountable for their war crimes and have 
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subsequently become the foundation on which modern international criminal 

justice was formed (Overy, 2003; Fichtelberg, 2008). The acts carried out by the 

Nazis during the war also highlighted a lack of international laws surrounding 

the waging of aggressive wars, a dilemma which was solved during the 1949 

Geneva Conventions (Fichtelberg, 2008). However, as Figure 11 shows, the 

greatest pace of ICL development did not occur until the 1990s, as a result of 

the Bosnian Ethnic Cleansing and the Rwanda Genocide (Broomhall, 2009; 

Ceretti, 2009; International Criminal Court, 2021a). The establishment of the 

International Criminal Tribunal for the former Yugoslavia (ICTY) and the 

International Tribunal for Rwanda (ICTR) led to the issue of not having an ICC 

being addressed. Consequently, the Rome Statute of the International Criminal 

Court was signed in the summer of 1998 and entered into force in 2002 

(Guilfoyle, 2016; International Criminal Court, 2021a). 

Figure 11: Timeline of key developments in International Criminal Law from the late 19th century 

until the establishment of the ICC in 2002 (Source: Author). 

The United Nations  

Since 1945, the UN has been the dominant organisation on the international 

stage. Originally formed to provide terms under which international justice and 

respect could be maintained following the Second World War, the main 

influence of the UN’s development came from the Cold War era (Simons, 1994; 
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Pease, 2011). As stated in Article 1 of The Charter of the United Nations, its 

purpose is to maintain international peace and security, develop friendly 

relations among nations, achieve international cooperation in solving 

international problems, and be the centre for harmonising the actions of nations 

to achieve a common end (Goodrich et al., 1969: 25). The UN is open to all 

states, however, membership must be applied for which is then approved or 

turned down (Simons, 1994). Originally composed of 51 members, it is now 

comprised of 193 member states and two observer states (the Vatican and 

Palestine); observer states refer to non-members who have been given the 

ability to participate in UN activities (Kelsen, 1946; Blanchfield and Browne, 

2014). 

The International Court of Justice  

Created in 1945 at the San Francisco UN Conference the ICJ is the UN’s only 

judicial system run by 15 independent judges, who are elected by the UN’s 

Security Council and General Assembly (Riggs and Plano, 1994; Simons, 

1994). Whilst the court can deal with a broad range of issues, the ICJ plays no 

role in criminal cases, although it can advise on the progress and process of 

human rights (Ghandhi, 2011). Instead, they deal with legal disputes submitted 

by states, such as inter-state matters (Conforti, 1993; Crook, 2004). Although it 

is important to acknowledge the existence of the ICJ, archaeologists, regardless 

of the situation they are working in are unlikely to come into contact with them. 

Firstly, because the ICJ holds no jurisdiction over criminal cases and secondly 

because they deal with state legal issues rather than individual legal issues.  

The International Criminal Court 

The ICC is one of the most important advances in ICL, because of its potential 

to cover a worldwide jurisdiction (Zahar and Sluiter, 2008; Cryer et al., 2014). 

Currently, 123 countries have signed the Rome Statute, of these, 18 are 

Eastern European countries, 19 are Asian-Pacific, 25 are Western European 

and other States, 28 are Latin American, and 33 are African States 

(International Criminal Court, 2012b). The ICC is a completely separate 

organisation from the UN, although they cooperate closely under the Negotiated 

Relationship Agreement between the International Criminal Court and the 

United Nations. The Court’s primary function is to try individuals accused of 

conducting war crimes, crimes against humanity, crimes against peace, 
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genocide, torture, aggression and international terrorism; it also presents the 

ICL code which all countries under the Rome Statute are expected to follow 

(Broomhall, 2009; Cassese et al., 2013; Cryer et al., 2014; International 

Criminal Court, 2021a). 

Made up of four organs known as the Presidency, Chambers, Office of the 

Prosecutor and the Registry (see Figure 12), each organ carries out unique 

roles throughout every stage of the court proceedings. Firstly, the Presidency is 

formed of the President, First Vice-President and Second Vice-President, whilst 

they are the overall head of the ICC they are mainly responsible for the 

administration of the other organs (Gallant, 2003; Day and Reilly, 2005; 

Schabas, 2011; Safferling, 2012). Secondly, the Registry is responsible for all 

non-judicial administration of the work and works for all the other organs (Day 

and Reilly, 2005; Safferling, 2012). Thirdly, the Office of the Prosecutor, led by 

the Prosecutor and divided into three division (Jurisdiction, Complementary and 

Cooperation division) they are responsible for receiving referrals and any 

substantiated information on crimes within the jurisdiction of the Court 

(International Criminal Court, 2011: 20). 

Figure 12: The overall ICC organ structure (Source: Author).  

Finally, all cases that go before the ICC are heard by Chambers (see Figure 

13), which is organised into three divisions known as the Pre-Trial, Trial, and 

Appeals division (Ciampi, 2004; Schabas, 2010; Guilfoyle, 2016).  
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Figure 13: ICC trial structure (Data collated from Ciampi, 2004; Schabas, 2011; Cryer et al., 2014; 

Guilfoyle, 2016). 

There are four main categories in which the ICC investigate and prosecutes war 

crimes, crimes against humanity, crimes against peace and genocide. War 

crimes were first recorded during the 19th century (Green, 2003). Traditionally, 

they are defined as violations of warfare laws and customs committed by 

combatants during international armed conflicts (Cassese et al., 2013; Cryer et 



49 
 

al., 2014). Article 6(b) of the Charter of the International Military Tribunal of 

Nürnberg (1945: 288) sets out these violations to include but are not limited to 

murder, ill-treatment or deportation of slave labour or any other purpose of the 

civilian population of or in occupied territory, murder or ill-treatment of prisoner 

of war or persons on the sea, killings of hostages, plunder of public or private 

property, wanton destruction of cities, towns or villages, or devastation not 

justified by military necessity. 

Crimes against humanity were first referred to in 1915 after the massacre of 

Turkey’s Armenian population (Cassese et al., 2013). However, the term was 

not used again until 1945 when it was recorded as one of three categories of 

offences tried within the Nuremberg Tribunals (Schabas, 2011; Cryer et al., 

2014). Article 6(c) of the Charter of the International Military Tribunal of 

Nürnberg (1945: 288) states that crimes against humanity are namely murder, 

extermination, enslavement, deportation, and other inhumane acts committed 

against any civilian population, before or during the war. As such, the definition 

of what classes as a crime against humanity is very similar to that of a war 

crime, as it was initially created to bridge the gaps within the law and based on 

the same moral principles (Bassiouni, 1999; Cryer et al., 2014). 

Crimes against peace, although an ambiguous term made aggressive wars 

illegal (Bantekas, 2010; Sellars, 2013). Article 6(a) of the Charter of the 

International Military Tribunal of Nürnberg (1945: 288) highlights that crimes 

against peace are namely the planning, preparation, initiation or waging of 

aggressive war or a war in violation of international treaties and/or agreements. 

More recently, the term crimes against peace have been changed to crimes of 

aggression, although under Article 8 bis of the Rome Statute for the 

International Criminal Court (2011) the definition is very similar to the original. 

Whilst crimes of aggression are attacks on humanity through the weakening of 

human rights protection, it is the only category from Nuremberg that is rarely 

brought to trial (May, 2009). 

Genocide was given formal recognition within ICL when the UN adopted the 

Convention for the Prevention and Punishment of the Crime of Genocide in 

1948, which developed as a response to the Holocaust (Sémelin, 2002; 

Schabas, 2009; Bantekas, 2010; Cassese et al., 2013; Cryer et al., 2014). 

Article 2 states that genocide is an act committed to destroying, in whole or in 
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part, a national, ethnical, racial or religious group (Convention for the Prevention 

and Punishment of the Crime of Genocide, 1948). In its simplest form, genocide 

is mass murder with an agenda, because it is the denial of an entire group’s 

right to exist, as homicide is to an individual’s right to live (Fichtelberg, 2008; 

Cryer et al., 2014). By seeking to either physically eliminate a group until they 

are no longer perceived to be a threat or exist, whether that is because of 

national, racial, religious, or cultural reasons (Levene, 2005; Cassese et al., 

2013). Nevertheless, genocide has evolved to also protect people from 

sickening human rights abuse, including those that are committed by their 

governments (Cryer et al., 2014).  

Comparing Domestic and International Law  

One similarity between the UK DLS and ILS is the statute of limitations. The 

statute of limitations refers to the period that a defendant may be charged with a 

criminal offence. Within the UK, there is no statute of limitation, internationally, 

however, the statute of limitations depends on the individual country but can 

range from 5-20 years after the crimes have been committed. Like the UK, 

crimes under the jurisdiction of the ICC also do not have a statute of limitations 

as it was removed in 1968 by the Convention on the Non-Applicability of 

Statutory Limitations to War Crimes and Crimes Against Humanity. To ensure 

that any Nazi war criminals not tried by 1969 would be held accountable for 

their actions (Miller, 1971). 

Nevertheless, there are multiple differences, firstly, ICL is not as well-ordered or 

as clearly defined as domestic criminal law (DCL), nor are the laws surrounding 

international law as strong as it is a lot newer than DLS’s (Fichtelberg, 2008; 

Mayans-Hermida and Holá, 2020). Jurisdiction over international crimes is also 

important as ICL and ICC only deal with crimes of international concern 

(Charney, 2001; Mayanes-Hermida and Holá, 2020). This is because the ICC is 

a specialist court, that targets high-level, public and politically significant mass 

atrocities, that have occurred as a result of political instability (Schabas, 2007; 

Bibas and Burke-White, 2010). Whilst there are some similarities between ILS 

and DLS, international law serves as a backstop or supplementary system for 

those countries that are unable to or refuse to deal with the most serious and 

complex forms of criminal activity (Delmas-Marty, 2006).  
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3.2 Regulations affecting Archaeologists and Forensic 

Archaeologists  

Regulations affecting UK archaeological and forensic investigations are very 

different to the ones affecting forensic archaeologists working within an 

international context. As such, this section explores the legislation, standards 

and guidance affecting archaeological fieldwork and human remains, UK 

forensic casework and international forensic casework.  

3.2.1 UK Archaeology  

Presented in the Tables below are the legislation and standards and guidance 

that could affect UK archaeologists working in the field, in heritage, museums 

and/or with human remains. Whilst each Table shows the different regulations 

for all three UK jurisdictions, the bulk of each discussion centres around those 

which are likely to affect archaeologists carrying out fieldwork and/or working 

with human remains in England and Wales. 

Legislation 

The two main legislative act affecting archaeological fieldwork in England and 

Wales is the Ancient Monuments and Archaeological Areas Act 1979 and the 

Town and Country Planning Act 1990 (see Table 3 for all legislation). Passed in 

1979, the Ancient Monuments and Archaeological Areas Act protect areas 

classed as archaeologically important, currently, these are the five historic city 

centres of Canterbury, Chester, Exeter, Hereford and York (Historic England, 

2021). It also protects around 400 ancient monuments (Drewett, 1999). Two key 

sections are likely to have the most effect on archaeologists; section 33 

prevents important archaeological sites from being damaged and/or destroyed 

without a basic investigation being conducted, and section 35 requires 

developers to ensure archaeologists carry out the correct surveying and 

recording of an area before any development projects are undertaken (Historic 

England, 2021). The Act also ensures the correct permission is obtained before 

archaeological work is conducted, for sites listed under the Act special 

permission is required from the Secretary of State for Culture, Media and Sport, 

whilst for others, all that is needed is consent from the land owner (Drewett, 

1999). Whilst section 106 of the Town and Country Planning Act 1990 brought 

archaeologists to the forefront, as it allows them to access any threatened 

archaeological site whether known or unknown, it also prevents development 
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projects from taking place until an archaeological survey has been completed 

(Drewett, 1999; Morel, 2019).  

Table 3: Archaeological legislation for England and Wales, Scotland, and Northern Ireland  

 

Human remains legislation was first introduced in the 19th century to prevent 

Body Snatchers from removing corpses from graves (White, 2011). Since then, 

it has been developed to incorporate the protection and correct treatment of 

archaeological human remains. Archaeologists need to have an awareness of 

three key pieces of legislation, the main one being the Burial Act of 1857. The 

other two, which play smaller roles are the Disused Burial Ground (Amendment) 

Act 1981 and the Human Tissue Act 2004. Under section 25 of the Burial Act 

1857, it is an offence for remains to be removed from their place of burial unless 

approval has been granted by the court. Therefore, archaeologists planning to 

excavate human remains need to apply for a burial licence with the Ministry of 

Justice before the casework starts. Should human remains be discovered by 

accident, then work must be stopped immediately and cannot continue until the 

licence has been applied for and granted (see Case Study A2 in Chapter Two 

(pg. 23-24) for example). The Disused Burial Ground (Amendment) Act 1981 

England and Wales Scotland Northern Ireland 

Burial Act, 1857 Anatomy Act, 1984 Burial Grounds 
Regulations (Northern 
Ireland), 1992 

Protection of Wrecks Act, 
1973 

National Heritage 
(Scotland) Act, 1985 

National Monuments 
(Amendment) Act, 1994 

Ancient Monuments and 
Archaeological Areas Act, 
1979 

Museum and Galleries 
Act, 1992 

Historical Monuments and 
Archaeological Objects 
(NI) Order, 1995 

Disused Burial Grounds 
(Amendment) Act, 1981 

Human Tissue (Scotland) 
Act, 2006 

Museum and Galleries 
Order (NI), 1998 

Protection of Military 
Remains Act, 1986 

Historic Environment 
Scotland Act, 2014. 
(Amends the acts below)  

Northern Ireland (Location 
of Victims' Remains) Act, 
1999 

Planning (Listed Building 
& Conservation Areas) 
Act, 1990 

Ancient Monuments and 
Archaeological Areas Act, 
1979 

Treasure (Designation) 
Order, 2002 

Town and Country 
Planning Act, 1990 

Planning (Listed Buildings 
and Conservation Area) 
(Scotland) Act, 1997 

Human Tissue Act, 2004 

National Heritage Act, 
2002 

Environmental 
Assessment (Scotland) 
Act, 2005 

 

Treasure (Designation) 
Order, 2002 

  

Human Tissue Act, 2004   
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was created to protect human remains interred within former burial grounds 

under threat from development and works alongside the Burial Act 1857 

(Spoerry, 1993). Section 2 of the Disused Burial Grounds (Amendment) Act 

1981 states that development cannot take place on a disused burial ground 

unless the remains are removed and reinterred following the provisions set out 

within the Act. Whilst the majority of the Human Tissue Act 2004 falls outside 

the remit of archaeology, as it deals with remains up to 100 years old, it does 

regulate the storage of human remains (DCMS, 2005).  

Standards and Guidance 

UK archaeology has multiple standard and guidance documents, which cover 

general archaeology, heritage and human remains. Table 4 presents all the 

standards and guidance that are likely to affect archaeologists and 

anthropologists working with human remains. Whilst Table 5 lists all the general 

archaeological and heritage standards and guidance, many of which were 

developed by the Chartered Institute for Archaeologists (CIfA) to ensure a high 

standard of practice is upheld.  
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Table 4: Human Remains Standards and Guidance for England and Wales, Scotland, and Northern 

Ireland. 

 

 

 

 

 

Human Remains Standard and Guidance 

England and Wales Scotland Northern Ireland 

English Heritage - Human 
Bones from Archaeological 
Sites: Guideline for producing 
assessment documents and 
analytical reports, 2004 

Guidelines for the care 
of human remains in 
Scottish museum 
collections, 2011.  

IAI - The Treatment of 
Human Remain: 
Technical paper for 
archaeologists, 2004 

IFA: Guidelines to the 
standards for recording human 
remains, 2004 

National Trust for 
Scotland - Respecting 
Remains: A policy on 
the treatment of human 
remains, 2019 

DCMS: Guidance for 
the care of human 
remains in museums, 
2005 

BABAO: A code of best practice 
for the care of human remains 
in museums, 2005 

  

DCMS: Guidance for the care 
of human remains in museums, 
2005 

  

Science and the Dead: A 
guideline for the destructive 
sampling of archaeological 
human remains for scientific 
analysis, 2013 

  

BABAO: Advice and guidance 
about accessing collections of 
human remains in the United 
Kingdom, 2015 

  

Large Burial Grounds: 
Guidance on sampling in 
archaeological fieldwork 
projects, 2015 

  

CIfA: Updated guidelines to the 
standards for recording human 
remains, 2017 

  

Guidance for best practice for 
the treatment of human remains 
excavated from Christian burial 
grounds in England, 2017 

  

Historic England: The role of 
the human osteologist in an 
archaeological fieldwork 
project, 2018 
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Table 5: General standard and guidance for England and Wales, Scotland, and Northern Ireland.  

General Archaeology and Heritage Standard and Guidance  

England and Wales Scotland Northern Ireland 

CIfA: Standard and 
guidance for archaeological 
field evaluation, 2014 

West of Scotland 
Archaeological Services: 
Procedural guidance for 
archaeology and 
development, 2009 

Archaeological archives 
in Northern Ireland: 
Legislation, guidance and 
comparison with other 
jurisdictions, 2011 

CIfA: Standard and 
guidance for archaeological 
advice by historical 
environment services, 2014 

Guidance on the 
minimum standards for 
the transfer of 
archaeological 
assemblages to museum 
Scotland, 2021 

Northern Ireland Museum 
Council: Guidance to 
local museums on 
reporting archaeological 
finds and treasure, 2015 

CIfA: Standard and 
guidance for the creation, 
complication, transfer and 
deposition of archaeological 
archives, 2014 

 DfC: Development and 
Archaeology - Guidance 
on archaeological works 
in the planning process, 
2019 

CIfA: Standard and 
guidance for the 
archaeological investigation 
and recording of standing 
buildings or structures, 2014 

 NIEA: Development and 
archaeology an NIEA 
guidance booklet, 2021 

CIfA: Standard and 
guidance for the collection, 
documentation, conservation 
and research of 
archaeological material, 
2014 

  

CIfA: Standard and 
guidance for commissioning 
work or providing 
consultancy advice on 
archaeology and the historic 
environment, 2014 

  

CIfA: Standard and 
guidance for desk-based 
assessments, 2014 

  

CIfA: Standard and 
guidance for archaeological 
excavation, 2014 

  

CIfA: Standard and 
guidance for geophysical 
survey, 2014 

  

CIfA: Standard and 
guidance for nautical 
recording and 
reconstruction, 2014 

  

CIfA: Standard and 
guidance for stewardship for 
the historical environment, 
2014 
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3.2.2 UK Forensics 

In the UK forensic archaeologists are recognised as experts by the courts and 

may be called upon by the police to assist during criminal investigations, 

particularly in cases involving buried or concealed human remains (Dilley, 2005; 

Bartelink et al., 2016). To ensure their work measures up to the high standard 

and quality expected by the criminal justice system, forensic archaeologists 

need to have a clear understanding of the national legislation they could be 

affected by and the standards and guidance that they are required to uphold 

throughout every case (CPS, 2022).   

Legislation 

Those working in the criminal justice sector are expected to adhere to the 

legislation set out in Table 6. However, before a search can take place, in the 

UK, a search warrant needs to be issued by the court. A search warrant grants 

the police and those working with them, permission to enter the premises and 

search for specific material, such as a grave (Law Commission, 2020). 

Following this, forensic archaeologists are mainly affected by the Criminal 

Procedure and Investigation Act (CPIA) 1996, Disclosure Manual 2005, and 

Police and Criminal Evidence Act (PACE) 1994. The CPIA 1996 and Disclosure 

Manual 2005, ensures that record-keeping, retention and the disclosure of 

documentation is conducted to a standard that can be used within a court of law 

(Bartelink et al., 2016: 292). Therefore, throughout the initial contact, briefing, 

search and excavation the forensic archaeologist should maintain detailed and 

accurate records, including the date and time of when things happened. Whilst 

the time limit set by the ‘PACE clock’ means archaeologists and anthropologists 

may be under pressure to produce enough preliminary information within a 

stipulated timeframe, so that police can either charge or release any suspects 

(Dilley, 2005: 184). This means archaeologists would have 24 hours to gather 

enough evidence from the area being searched, so the police can either charge 

CIfA: Standard and 
guidance for an 
archaeological watching 
brief, 2014 

  

Society of Museum 
Archaeology: Standards and 
guidance in the care of 
archaeological collections, 
2020 
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their suspect, release them from custody or apply for an extension, which would 

allow them to hold the suspect for longer.  

Whilst the Forensic Science Regulator Act 2021 has been recorded in Table 5, 

it does not have a direct impact on practising forensic archaeologists or forensic 

investigations. As it was enacted to provide the Forensic Science Regulator 

powers to enforce regulations in forensic science, to ensure high-quality 

standards are upheld.  

Table 6: Legislation in England and Wales, Scotland, and Northern Ireland likely to affect criminal 

cases. 

 

Standards and Guidance 

Alongside the legislation, forensic archaeologists should comply with standards 

and guidance. The Forensic Science Regulator (FSR) was set up in 2008 to 

safeguard the appropriate standard of practice used across the whole criminal 

justice system, by setting out values and ideas in the form of codes of conduct 

(Janaway, 2015; CPS, 2022). The Forensic Science Regulator Draft Code of 

Practice was put to parliament in January 2023, and will subsequently come 

into force in England and Wales at 00:01 on the 2nd October 2023. This code of 

practice will help ensure that forensic practitioners provide high-quality forensic 

evidence, and protects the criminal justice system, by guarding against any 

miscarriages of justice.  

England and Wales Scotland Northern Ireland 

Crown Court (Advanced 
Notice of  Expert Evidence) 
Rules, 1987 

Criminal Procedure 
(Scotland) Act, 1995 

Criminal Law (Northern 
Ireland) Act, 1967 

Police and Criminal Evidence 
(PACE) Act, 1994 

Criminal Justice and 
Licensing (Scotland) 
Act, 2010 

Police and Criminal 
Evidence (Northern 
Ireland) Order, 1989 

Criminal Procedure and 
Investigation Act, 1996 

Criminal Justice 
(Scotland) Act, 2016 

Criminal Justice Evidence 
(Northern Ireland) Order, 
2004 

Criminal Justice Act, 2003  Criminal Justice (Northern 
Ireland) Order, 2008 

Human Tissue Act, 2004  Criminal Justice Act 
(Northern Ireland), 2013 

Disclosure Manual, 2005   

Criminal Evidence (Experts) 
Act, 2011 

  

Criminal Procedure Rules, 
2011 

  

Forensic Science Regulator 
Act, 2021 
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Currently, there is one key regulation which has the most affect on forensic 

archaeologists standard of practice in the UK. The CIfA Forensic Archaeology 

Standard and Guidance 2014, which is endorsed by the Forensic Science 

Regulator. It sets out the key duties and responsibilities of the archaeologist, the 

required level of competency and expectation, and the specific standards 

required at every stage of a criminal investigation. Therefore, ensuring forensic 

archaeologists maintain high standards of practice during the initial contact, 

briefing, search, recovery and documentation stages of the investigations. For 

further details on the CIfA Forensic Standard and Guidance please refer directly 

to the document itself, the link can be found on page 211, under the heading 

Forensic Standard and Guidance. 

Table 7: Standards and Guidance for Forensic Investigations across the United Kingdom 

 

3.2.3 International Forensics 

Forensic archaeologists can be called upon to assist with many international 

investigations, including those related to war crimes, crimes against humanity, 

crimes against peace, and genocide. The development and implementation of 

frameworks can have a direct impact on the protocols they apply to mass grave 

investigations, as they ensure archaeologists work to a high standard and 

collect evidence which can be used within international, national and local 

courts (Cox et al., 2008: 1). 

The Rome Statue 2002 and the Rule of Procedure and Evidence 2019 ensure 

provisions are in place for expert witnesses to follow to ensure that evidence is 

relevant and admissible in court. Case Study F3 (pg. 25) refers to the Rule of 

Procedure and Evidence in practice. During the investigation of the Tomašica 

mass grave, the prosecution ruled that under Rules 73, 85 and 89 the case 

against Radovan Karadžić could be reopened so that the evidence discovered 

during the excavation could be introduced during the trial.  

United Kingdom 

RAI: Code of practice for forensic anthropology, 2018 

CIfA: Standards and guidance for forensic archaeologists, 2014 

FSR: Legal issues in forensic pathology and tissue retention, 2020 

FSR: Codes of Practice and Conduct: For forensic science providers and 
practitioners in the criminal justice system, 2021 

FSR: Draft Code of Practice, 2023 (Comes into force 00:01 on the 2nd October 2023) 
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Whilst the development of the Minnesota Protocol on the Investigation of 

Potentially Unlawful Death 2016, sets a common standard of protocols for the 

investigation of unlawful death or enforced disappearance and a shared set of 

principles and guidelines for States, as well as for institutions and individuals 

who play a role in the investigation (United Nations, 2017). Although the 

Minnesota Protocol details guidelines on the excavation of graves, it does not 

refer to the complexities that a mass grave will present. 

Recently, work has been done to establish protocols and standard operating 

procedures during mass grave investigations. Bournemouth University in 

partnership with the ICMP developed the Bournemouth Protocol on Mass Grave 

Protection and Investigations in 2020. The Bournemouth Protocol was 

developed to improve the safeguarding and investigation of mass graves and 

provide a step forward in clarity on international norms and standards (Klinker 

and Smith, 2020).  

However, due to every case being unique to the country and/or area in which 

the grave is located, regulations that regard international forensic casework 

need to be flexible so they can be applied, and meet specific aims and 

objectives, constraints and contexts (Cox et al., 2008: 2).  

3.3 Conclusion 

Although regulations across the UK and internationally are complicated, it is 

important to have a basic understanding of how they work, the legislation and 

standards and guidance most likely to affect practice. Archaeologically, this is to 

ensure that human remains and materials are protected from unnecessary 

destruction, so they are protected for years to come. Forensically, regulations 

help archaeologists to make sure all evidence is collated and recorded 

appropriately, thus ensuring that if a case is ever tried in court, the evidence can 

be presented.   
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Chapter Four: Desk-Based Assessments  

To guarantee a search is coordinated effectively and resources target the site 

with the most potential, all fieldwork and investigations start with desk-based 

assessments (Killam, 2004; Darvill, 2021; Grant et al., 2008; Litherland et al., 

2012; Hunter et al., 2013; CIfA, 2014; Connolly, 2014; Bartelink et al., 2016; 

Abate et al., 2019). Collating and reviewing any existing written, graphic, 

photographic and electronic information helps narrow down search areas, plan 

investigations, eliminate unlikely sites, define a parameter, and highlight the 

condition and significance of the potential site (Greene, 2002; Killam, 2004; 

Carver, 2009; Litherland et al., 2012; Hunter et al., 2013; CIfA, 2014; Connolly, 

2014; Bartelink et al., 2016; Darvill et al., 2019). Typically, the sources 

evaluated during this process include but are not limited to cartography, aerial 

and satellite imagery, ground-level photographs, witness accounts, historical 

and environmental records, archives, and past archaeological publications 

(Greene, 2002; Grant et al., 2008; Hunter et al., 2013; Connolly, 2014; Darvill, 

2021). 

Therefore, this chapter sets out to critically examine how desk-based 

assessments inform and support the process of locating mass graves by 

exploring: 

• What desk-based methods are used during the initial stage of an 

investigation? 

• What are the advantages and drawbacks of each method?  

• How do they inform the rest of an investigation? 

4.1 A Witness-Led Approach  

Eyewitness testimonies are commonly used in forensic investigations because 

they are often the only thing that provides forensic teams with the evidence 

needed to open an investigation (Schmitt, 2002; Card and Baker, 2014; Tuller, 

2015; Hanson, 2016). This reliance on witness statements is because they can 

describe the events that occurred, as well as identify the location of one or more 

of the gravesites (Hanson, 2016). There are many reasons for someone to be 

classed as a witness: they may be a survivor; a member of the affected 

community; have observed the incident; someone coerced into participating; 

saw the location of the grave after the event; a member of the media or armed 
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forces; the perpetrator(s) or a member of the perpetrator's group; or a member 

of the public who came across a suspicious site or artefact (Cheetham et al., 

2008; Hanson, 2016). Witness testimonies are gathered by a range of agencies 

such as prosecutors, police, missing person organisations, international 

organisations, journalists, and/or governments (Hanson, 2016). These 

testimonies are often recorded as written statements, formal interviews using 

standardised questions, and/or accompanied site visits (Anderson et al., 2008; 

Hanson, 2016). 

4.1.1 Archaeological Casework 

Although Haglund et al., (2001) argue that a witness-led approach cannot be 

used to find archaeological mass graves, there are some instances when it has 

the potential to be successful in narrowing down a location. Particularly if there 

are diaries, historical commentaries or other documents associated with the 

event that could be used to narrow down the location. This can be seen in the 

Case Study WW1 (see Chapter Two: pg. 27-28) as archaeologists were able to 

narrow down/confirm the location of the Pheasant Wood mass grave using 

diaries and letters written by the soldiers at the time. However, it is important to 

remember that as time passes, the accuracy and relevance of such accounts 

fade and should be confirmed using other non-invasive techniques before 

conducting an excavation. 

4.1.2 Forensic Casework 

Mass graves are likely to be concealed in vast, remote and often unknown 

areas. Statements taken from witnesses are regularly the only information 

available to suggest the presence of an unknown gravesite and assist forensic 

teams with finding/narrowing down the whereabouts of the grave (Hanson et al., 

2015; Tuller, 2015). A witness's ability to recall suspicious activities and 

potential sites can lead archaeologists to the grave or suspected areas 

(Haglund et al., 2001; Schmitt, 2002; Cheetham et al., 2008; Wright, 2010; 

Larson et al., 2011). The accuracy of this information has successfully led 

forensic teams to countless graves, many of which would have remained 

undiscovered if they had not had access to witness statements; for example, 

many of the primary graves found in Srebrenica were found due to the 

statements survivors gave to investigators (Tuller, 2015; Hanson, 2016). 
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However, several of the mass graves in Bosnia were disturbed by the 

perpetrators and the remains were redisposed in unknown secondary sites, 

which were often done without any witnesses being present (Hanson, 2016). 

There is also a significant risk that suspects will provide false or misguided 

information as they have a direct motive to mislead the search by sending 

investigators to the wrong location (Cutler and Penrod, 1995; Geberth, 2006; 

Cheetham et al., 2008; Hanson, 2016; Schmidt, 2017; Blau et al., 2018). 

Therefore, testimonies provided by suspects are not considered as reliable as 

statements provided by the victims, victims’ families, the media or the military 

(Schmidt, 2017). Should suspect testimonies be used to locate a mass grave, 

they will need to be carefully checked against other desk-based methods to 

ensure that time and resources are not wasted. Finally, individuals and affected 

communities can develop narratives of what happened which can be aided by 

the recovery of the landscape, this means that over time their recollections can 

be seen as less accurate (Hanson et al., 2015; Hanson, 2016; Ossowski et al., 

2018). 

Accounts such as reports released by the police, media and/or prosecutor can 

weaken/affect a witness’s memory by altering their recollections of the event 

(Stover, 2005; Wise et al., 2009; Loftus, 2019). This was evident in Bosnia. 

Forensic teams had greater success finding mass graves using witness 

statements in the early years after the war because there were more witnesses 

available and their memories were fresher (Hanson et al., 2015). Over time, 

memories can be influenced by not only external sources but can also fade, 

merge, change, and become partial or incomplete; causing the accuracy of the 

information to lessen (Ballbe and Steadman, 2008; Cheetham et al., 2008; 

Hanson, 2016). Therefore, delaying the start of an investigation can result in 

witnesses forgetting key things, or their memories becoming distorted, limiting 

the records of the missing and the incident (Cutler and Penrod, 1995; Hanson, 

2016). However, Stover (2005) argues that sometimes delays in starting an 

investigation can be beneficial, as time often provides witnesses with a sense of 

detachment and perspective, therefore, aiding the witness's ability to remember 

specific details and provide a more cohesive statement.  

Nevertheless, for an investigation to start or continue, the information available 

needs to be detailed enough to aid the case (Blau et al., 2018). In many mass 
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grave-related cases, there is often only one witness; the information may be 

second or third-hand; the events were observed under extreme stress; the 

witnesses may be reluctant to return to the location; or there may be no witness, 

all of which affects the reliability of the information provided (Cheetham et al., 

2008; Hanson et al., 2015; Hanson, 2016). Regardless, the use of witness 

statements is viewed as a vitally important component of a forensic 

investigation, not only because it can be used to locate gravesites, but because 

it can also inform the broader search strategy (Cheetham et al., 2008). 

Witness statements provide essential location-based information; such as the 

terrain, which helps forensic teams to decide what equipment can be used 

within the area (Card and Baker, 2014). It also assists archaeologists in 

understanding how the grave was created, the types of tools used, the depth of 

the grave and the condition of the remains (Killam, 2004). This was particularly 

prominent in the investigation of the Kravica warehouse and associated mass 

graves in Bosnia. Witnesses described how the warehouse door was removed, 

upon excavation archaeologists found the door matching the description buried 

within the mass grave (Wright, 2010). Therefore, witness statements not only 

provide crucial information to aid in finding a grave but also assist with the 

corroborating physical evidence found at the scene to help forensic teams 

understand what happened (Schmitt, 2002; Cheetham et al., 2008). 

However, unless there is a political agenda and/or organisations willing to start 

an investigation, then witnesses are not found and interviewed (Hanson, 2016). 

Nevertheless, even in cases where there is a dedicated organisation designed 

to investigate mass graves, there is still a decline in the number being found. A 

key example of this is the CMP investigation of the Cyprus Conflict (see 

Chapter Two, Figure 2 (pg.30) for evidence). This is partly because the CMP 

only investigates information when they receive it, rather than locating and 

interviewing everyone who witnesses the burials; as such it is becoming 

increasingly difficult to obtain information due to witnesses passing away (Abate 

et al., 2019). Not only this but, witnesses can also be reluctant to provide 

information out of fear of it being leaked or risk of being prosecuted or facing 

some form of retribution from either the perpetrators or the community (Stover, 

2005; Hanson, 2016; Blau et al., 2018). 
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Whilst witnesses can lead forensic teams to mass graves, in many cases, there 

is simply not enough precise or available information to definitively pinpoint the 

gravesite (Corcoran et al., 2018). Instead, witnesses are only able to provide a 

general location which requires supplementary information to narrow it down 

further (Cheetham et al., 2008; Hanson et al., 2015; Hanson, 2016). Although 

there have been successes in solely using witness statements to find mass 

graves, forensic teams generally use them in conjunction with other methods to 

ensure time, cost, and resources are not being wasted.  

4.2 Historical Records 

As part of a desk-based assessment, historical records can be studied, 

particularly if the casework is archaeological as it provides a reference to what 

the area of interest was originally used for. Sources such as charters, registers, 

manuscript collections, contemporary published accounts, historic environment 

records, and archaeological excavation and survey records are some of the key 

historical records that could be examined before fieldwork commences (CIfA, 

2014: 12). Documents such as the Tudor Chronicles were used to record the 

deaths and victories of battles (see Case Study A2, pg. 23-24). Whilst historical 

newspapers also recorded events such as the black death and the cholera 

epidemic. As can be seen in the Case Study WW1 (pg. 27-28), archaeologists 

also narrowed down the location of the Pheasant Wood mass grave by 

comparing the memoirs and letters of the British soldiers, with the German 

battalion war diary held in the Munich archives.  

Whilst historical records are largely associated with archaeological casework, 

archival materials can also be relevant in forensic mass grave casework. 

Archives often hold images, elevation data, documentary records of witnesses 

and perpetrators, receipts, and logs of the logistics involved in mass murder 

(Cheetham et al., 2008: 195). All of these could prove useful when narrowing 

down the general area and/or specific location of the potential mass grave.  

4.3 Aerial Images  

One of the best sources of information is archival and modern aerial images, 

due to the number of photos available which have accidentally recorded 

gravesites (Ossowski et al., 2018). Aerial images are a series of overlapping, 

scaled photographs taken of a specific area, which can be used to monitor 
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changes in the landscape and reveal patterns not easily visible from the ground 

(Hunter and Cox, 2005; Morgan et al., 2010; Burns, 2016). However, the use of 

aerial photographs is dependent on the type of setting the grave is located in, 

and how recently the photos were taken. Whilst a grave is likely to be visible 

and potentially easier to spot in an open field, if several years have passed the 

area will have recovered enough to reduce the visibility of the grave, making it 

harder to identify. Nevertheless, if a grave is relatively fresh at the time of the 

photograph being taken, then archaeologists can identify shadows created by 

the grave, variations in soil colour, changes in vegetation and marks in the soil 

(Killam, 2004; Greene and Moore, 2010). As seen in Case Study F1 (pg. 25), it 

can also be used as a way of confirming no other burials have taken place 

within the area of interest, prior to the suspected mass grave being created. 

Since the 1960/1970s many traditional aerial photographic systems have been 

replaced with the remote sensing system, aerial photographs are still useful in 

showing how much a specific area has changed over time (Dong and Chen, 

2017). 

4.4 Ground-level Images  

Ground-level photography and films are those taken from a range of different 

vantage points at ground level, they have been used to capture events 

throughout history and have the potential to indicate the past (Ferrándiz and 

Baer, 2008; Brutin, 2020). In recent years, digitalisation projects have resulted 

in the vast majority of historical photographs and films being uploaded to digital 

archives, making them more accessible to archaeologists (Niebling et al., 2018). 

Regardless, photographs and films have been used as visual evidence within a 

court of law at an international level since the Nuremberg and Tokyo trials, 

before this, there are no records of any court using graphic films as proof of 

criminal wrongdoing (Ristovska, 2017; Duffy, 2018). The ICTY also used 

footage of video interviews with witnesses and suspects, mass grave 

exhumations and sniper shot reconstructions during multiple investigations 

(Vukušić, 2013).    

Images and films captured during WWI, WWII and subsequent conflicts could, 

therefore, show evidence of a mass grave and its potential location. During 

WWII, the 27th Australian Battalion took photographs of their comrade’s 
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battlefield graves, but despite their best efforts to document the exact locations, 

not all of the graves were found when the war ended (Smart, 2016). Often little 

to no contextual information on the photographs or films survives, they may also 

be biased as they present the agenda of the photographer (Borchert, 1982). 

Nevertheless, ground-level photographs can be used in conjunction with other 

techniques to either narrow down the location of a potential mass grave or 

provide evidence to start an investigation.  

4.5 Cartographic Analysis  

Many types of cartography can be reviewed during the desk-based assessment 

to remove unlikely areas from a search, such as topographic, orthographic and 

geological (Cheetham et al., 2008; Hester et al., 2008; Dupras et al., 2012). 

Geological and topographical maps are commonly examined, as they depict 

visible, natural and built surface features, highlight areas which would be 

questionable for perpetrators to put a grave, show access routes to the area 

and indicate the history of a potential site (Cheetham et al., 2008; Dupras et al., 

2012). Archaeological maps are a particularly useful tool to establish the history 

of a site, as it depicts the original landscape structures, which when compared 

to modern-day maps can highlight how the area has changed over time (Rocha 

and Branco, 2009; Wilkinson, 2020). Enabling archaeologists to determine how 

archaeological material interrelates with the surrounding environment and 

provide additional information about potential burial sites (Ozulu et al., 2012). 

However, the search for further mass graves related to the Battle of Towton 

(Case Study A2, pg. 23-24), highlights that there are drawbacks to using 

cartographic analysis as a method for locating mass graves. Sutherland and 

Schmidt (2003) were only able to establish how the medieval fields were once 

positioned, rather than pinpointing a potential location. Therefore, to be able to 

effectively use cartography as a desk-based assessment method it would need 

to be used in conjunction with other detection methods.  

4.6 Sequence of Procedures  

Desk-based assessments are the starting point of any archaeological and 

forensic investigation. Verifying existing records of the target area helps with the 

overall planning of the investigation by eliminating unlikely sites, providing an 

understanding of the area, and defining the potential parameter of the site 

(Killam, 2004; Litherland et al., 2012; Hunter et al., 2013; Darvill et al., 2019). 
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The application of the red-amber-green system, also known as RAG enables 

archaeologists and investigators to prioritise the areas most likely to contain a 

mass grave, allowing search resources to be utilised effectively (Donnelly and 

Harrison, 2013). The RAG colour-code system is applied to topographical maps 

and/or aerial imagery (Donnelly and Harrison, 2013; Somma et al., 2018). The 

red refers to the area with the highest probability of a grave being present, 

green is considered the least probable, whilst amber is midway between the two 

(Donnelly and Harrison, 2013; Ruffell and McAllister, 2015; Somma et al., 

2018).  

Effective preplanning across archaeology and forensics is crucial to the success 

of an investigation as it helps to ensure the highest standards of practice are 

maintained, to prevent any evidence/artefacts/remains from being damaged, 

destroyed or missed. Although the sequence of procedures is worded differently 

for both fields, they all follow a similar structure, as all fieldwork starts with non-

invasive search techniques, before progressing to invasive and excavation 

stages.  

Many researchers have recorded similar but different procedures that should be 

considered when carrying out archaeological fieldwork, Table 8 presents three 

of these. Each phase is broad, flexible and adaptable to meet the requirements 

of different site morphologies and preservation conditions. Whilst the three 

aforementioned procedures use different terms they all follow the same 

elements, starting with a research strategy, and then progressing to non-

invasive evaluations of the site in question. If this stage uncovers possible 

findings or evidence, then invasive fieldwork takes place. Finally, finds are 

analysed and then published to inform the wider community of the 

archaeological significance of the site in question.  
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Table 8: Comparison of three different archaeological fieldwork procedures. 

Phase  
Renfrew and Bahn 
(1991:71) 

Olsen et al., (2012: 62) 
Carver 
(2009:35-37) 

One  Formulation Formulation of question Reconnaissance 

Two 
Collecting and recording 
evidence 

Research design Evaluation 

Three Processing and analysis 
Survey/excavation 
strategies 

Strategy 

Four  Publication Actual fieldwork Implementation 

Five  Finds processing Analysis 

Six  Analysis  Publication 

Seven  
Synthesis and 
argumentation 

 

 

As with archaeological fieldwork, forensic investigations also follow broad and 

flexible procedures, which ensure the highest possible standard is maintained 

when recording the area of interest (Anderson et al., 2008). Recorded in Table 

9 are five different investigation procedures. Whilst there are variations between 

them all, each shows that an investigation should begin with the search and 

initial assessment of the site, then progress to its excavation and recovery of 

remains, and finally the analysis and final report. Cheetham et al., (2008) have 

written the standard operating procedures for the investigation and excavation 

of mass graves, which have been applied to Case Study WW1 (pg. 27-28).  

Table 9: Five different procedures for forensic investigations. 

Phase 
Skinner 
(1987:276) 

Haglund et 
al., 
(2001:59-
61) 

Killam 
(2004:11) 

Cheetham 
et al., 
(2008: 189) 

Christensen 
et al., 
(2014:152-
153) 

One 
Search and 
discovery 

Documenta
tion of site 

Planning, phase 
one 

Site 
assessment 
and 
evaluation 

Systematic 
search 

Two Mapping 

Recovery 
and 
analysis of 
surface 
remains 

Investigation 

Site 
excavation 
and 
evidence 
recovery 

Evaluation of 
an area of 
significance 

Three Excavation 

Excavation 
and 
analysis of 
buried 
remains 

Planning, phase 
two 

 Recovery 

Four 
Evidence 
processing 

 
Search 
operation 

 
Interpretation 
and reporting 

Five 
Site 
shutdown 

 
Excavation/ 
recovery 
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4.7 Conclusion 

In conclusion, the desk-based methods that are commonly used vary depending 

on where the case is archaeological or forensic. Within archaeological 

casework, archaeologists will commonly use historical records and maps to 

build up an understanding of a potential site. Whereas, in forensic casework, 

archaeologists rely on a witness-led approach, and maps to establish the 

potential location of a mass grave. More information gathered during the desk-

based assessment stage helps to inform the rest of the investigation, as it 

provides archaeologists with a direction to go in and saves time, money and 

resources.   
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Chapter Five: Physical Alterations 

The creation of a grave, no matter the size, physically alters the landscape 

directly over and around the deposition site (Corcoran et al., 2018). As the 

body/bodies progress through decomposition and time since burial elapses, the 

physical characteristics of the landscape also shift. Whether forensic or 

archaeological, each gravesite is unique in terms of how it was created and its 

physical characteristics (Ghanem and Sobh, 2021). Nevertheless, there are four 

main signs, that, if identified can indicate a grave is present; these are the signs 

of human disturbance, vegetation changes, compression and depression of the 

surface over the grave, and increased signs of animal activity. Understanding 

how these landscape signatures change over time can assist archaeologists 

when searching for mass graves, which in turn could lead to rapid and more 

accurate identification of a deposition site (Barbazon et al., 2020; Watson et al., 

2020). 

By exploring the questions listed below, this chapter aims to understand these 

processes, how they can assist archaeologists in locating mass graves, and the 

methods that can be applied to physically detect these alterations. 

• What are the physical alterations that occur when a grave is created? 

• How do these alterations change over time? 

• Can they be used to effectively indicate the presence of a mass grave? 

• What methods can be used to detect these changes? 

• What are the advantages and drawbacks of each method? 

5.1 Detecting Physical Changes in the Landscape 

Identifying depositions sites, particularly when a significant amount of time has 

passed is challenging for both archaeological and forensic investigations 

(Berezowski et al., 2021). Physical changes in the landscape are considered to 

be one of the best indicators of a grave being present, as a variety of surface 

alterations occur during the disposal of the body and the decomposition 

process. Whilst these changes alter over time, many remain present long after 

the grave has been backfilled (Hunter and Martin, 2002; Dupras et al., 2012; 

Watson et al., 2020). Changes discussed in this section include the evidence of 

human disturbance caused by tool marks and/or heavy machinery during the 
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digging and backfilling of the grave, the alterations that happen to the 

vegetation, and the surface compression and depression of the soil.  

5.1.1 Evidence of Human Disturbance 

Evidence of human disturbance refers to the impressions of footprints, tool 

marks and heavy machinery tracks left within the immediate vicinity of the grave 

and along the access routes in and out of the area (Morse et al., 1983; 

Hochrein, 1997; Hunter, 2014; Evis et al., 2016). This evidence provides an 

understanding of how the grave was created, the equipment used, and the 

potential number of perpetrators, which, can suggest how much forethought and 

planning went into creating the grave (Dupras et al., 2012). Mass graves with 

visual traces of heavy machinery, like the one exhumed at Ovčara (Vukovar, 

Croatia) in 1996, suggest they were dug deliberately due to the amount of 

forethought needed to get the equipment onsite (Ekštajn et al., 2021). 

Impressions can also indicate the type of deposition site it is, the heavy 

machinery marks presented in Case Study F3 (pg. 26) suggested the grave was 

a primary site that had been disturbed before the investigation.  

However, Hochrein (2002a) and Hanson (2004) argue there is a common 

misconception that evidence of human disturbance does not survive, meaning 

these impressions have been overlooked in the past. This is particularly evident 

in archaeological casework as most excavation reports do not consider how the 

grave was originally dug or backfilled. The excavation of the Battle of Fromelles 

mass grave (see Case Study WW1, pg. 27-28) is a great example of this. Loe et 

al., (2014: 190-191) recorded that the analysis of how the grave was dug and 

later backfilled was not a primary aim, the use of mechanical equipment to 

create a pedestal removed the sides of the grave, making it impossible to see if 

signs of tool marks remained. Nevertheless, how well these impressions are 

preserved in the ground is dependent on the type of soil and ground moisture at 

the time it was created. Graves that are dug into clay soils are more likely to 

remain impressions than other soil types (see Chapter Six for details on soil 

characteristics: pg. 104-105) (Hanson, 2004; Dupras et al., 2012; Hunter, 2014).  

5.1.2 Vegetation Alterations 

Although the relationship between vegetation and buried remains is poorly 

understood, the physical alterations a grave causes to the landscape are well 

documented (Morse et al., 1983; Hall, 1997; Watson and Forbes, 2008; 
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Caccianiga et al., 2012; Lubit, 2012; Cholewa et al., 2022). To create a grave, 

the soil must first be removed from the ground, causing the existing vegetation 

to become uprooted and/or destroyed (Wright et al., 2005). In most cases, this 

excavated soil is placed adjacent to the grave (Figure 14b) damaging the 

surrounding vegetation, once the victim’s bodies have been placed (or thrown) 

into the grave (Figure 14c) the soil is then backfilled (Figure 14d). However, 

excavating the soil causes it to become aerated, and the victim’s bodies also 

take up space within the grave, this means there will be surplus soil, which 

either remains piled beside the grave or spread around its perimeter intermixing 

with the topsoil (Morse et al., 1983; Byers, 2011).  

Figure 14: (a) Prior to the grave being dug. (b) Soil is removed and placed on top of the vegetation 
adjacent to the grave. (c) the remains are added. (d) the grave is backfilled, and some of the soil 
will stay intermixed with the surrounding vegetation. (e) over time the vegetation starts to recover 
and new vegetation grows over the grave. (f) the vegetation recovers enough that the grave is 
harder to detect, although the vegetation direct above the grave will be younger than the 

surrounding vegetation (Source: Author). 

This process and the chemical alterations caused by the decomposing bodies 

(see Chapter Seven: pg. 108-112) affect the vegetation in different ways, which 

is often easily distinguishable from the undisturbed surroundings (Bajerlein et 

al., 2015). Coyle et al., (2005) research establishes that disturbed soil will follow 

a set pattern of vegetation recolonisation, firstly grasses will grow back, followed 

by shrubs, and finally trees. However, vegetation responses to the grave 

environment are unique and largely dependent on the species, soil 

characteristics, climate, and grave depth (Ruotsala, 2020). 

In some cases, vegetation regrowth increases. This is because the soil has 

become more aerated enabling better drainage, there is also excess moisture in 
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the soil and/or a change in mineral concentration which helps to stimulate plant 

growth (Hall, 1997; Killam, 2004; Ruffell and McKinley, 2008; Watson and 

Forbes, 2008; Caccianiga et al., 2012; Dupras et al., 2012; Lubit, 2012; 

Bajerlein et al., 2015). Research conducted by Kalacska et al., (2009) supports 

this, they compared a mass grave created using animal carcasses against an 

identically constructed false grave. They observed that by 16 months post-burial 

the false grave was no longer distinguishable, whilst regeneration could be seen 

on the mass grave the edges remained vegetation-free (Kalacska et al., 2009: 

163). This means there is potential to detect mass graves using vegetation 

differences, for an extended period after construction. Although the vegetation 

over the decomposition site will be younger than the surrounding undisturbed 

vegetation, the area will appear recovered making the grave harder to detect. 

However, the presence of a grave can also have the opposite effect, especially 

if the root system of the vegetation is destroyed or restricted (Bajerlein et al., 

2015; Ruotsala, 2020). This can also be evident around the grave, as there will 

be signs of plants being bent, broken or trampled from the digging and 

backfilling of the grave, pilling of soil near the edge, footprints and vehicle 

activity (Byers, 2011; Ruotsala, 2020). The use of heavy machinery or indeed 

any tools may also be visible on the roots of plants, particularly if there is a tree 

close to the grave, as such botanical evidence in the form of the slice or cut 

marks in the roots caused during the digging process may be a good indication 

of a grave being present (Willey and Heilman, 1987; Bock and Norris, 1997). 

Vegetation can also play a key role in indicating the time since burial, and time 

of death if the bodies were buried in a prior geographical location, as vegetation 

fragments can end up buried within the grave (Hall, 1997; Aquila et al., 2014). 

This means it can be used to establish links between primary and secondary 

deposition sites (Aquila et al., 2014). Pioneer species can also be introduced to 

the area by the perpetrator(s) to conceal the grave for example they may 

deliberately plant trees and/or shrubs over the grave (Trzciński and Borkowski, 

2015). This can be seen in the mass graves associated with the Katyń forest 

massacre, which were deliberately planted with young pine trees, during the 

investigation cross-sections were taken from the trees determining they had 

been planted at the time of the massacre (Reszeja and Chróścielewski, 1994: 

5).  
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Overall, the vegetation response to the presence of a grave is dependent on the 

environment and will be different from region to region, and country to country, 

due to the different variety of vegetation species and conditions (Watson et al., 

2020). Making it harder to determine the exact changing nature of physical 

vegetation indicators over time. In one area grass may appear first and cover 

the grave quickly, in another, it could be nettles that are first to grow. Therefore, 

forensic archaeologists should have an awareness of vegetation changes, 

however, during forensic casework specialists in botany should be consulted. 

The perpetrator's need to disguise the presence of a mass grave also requires 

consideration, as the Brcko mass grave in Bosnia had 25,000 tonnes of 

demolished buildings and soil placed on top of the grave to hide it which 

completely alter the vegetation and the landscape (Wright et al., 2005).  

5.1.3 Pollen and Spore Analysis  

Pollen analysis, also known as palynology, is the study of modern and fossilised 

pollen and spore assemblages, and can also be used as a vegetation 

disturbance indicator. These assemblages can be preserved for many years 

due to their extreme resistance to biological, chemical and mechanical 

degradation (Mildenhall et al., 2006; Walsh and Horrocks, 2008; Alotaibi et al., 

2020). The small grain size makes them easily transferable, as they attach 

themselves to surfaces such as vehicles, evidence and clothing without anyone 

being aware of it (Walsh and Horrocks, 2008; Alotaibi et al., 2020). The 

longevity of pollen and spores means palynological analysis occurs within 

archaeology and forensics. Forensic palynology, the application of pollen and 

spore analysis to a legal context, has been used in criminal investigation since 

the 1950s, particularly within the UK, USA, Australia and New Zealand 

(Erdtman, 1969; Frei, 1982; Stanley, 1987; Mildenhall, 1990; Wiltshire, 2004).  

It has successfully been used to establish links between evidence, crime 

scenes, burial sites, suspects and victims (Coyle et al., 2001; Dunbar and 

Murphy, 2009; Bryant, 2013; Kumari et al., 2017). Palynological analysis was 

one of the techniques employed during the investigation of the Srebrenica mass 

graves. Pollen samples were collected and analysed, and the results provided 

links between the primary and secondary mass graves, as well as linking the 

execution sites with the primary graves (Brown, 2006; Long, 2006). Through 

these samples, investigators were also able to forge links with other evidence, 
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such as clothing, documents and shell casing, to the primary and secondary 

graves (Long, 2006).  

The analysis of pollen and spores show that different plants produce different 

results, therefore, they can be traced back to the environment they came from 

(Mildenhall et al., 2006). Thus enabling investigators to locate the mass graves, 

as suspects, vehicles and evidence might be carrying pollen graves which can 

be traced to the potential location, provide clues to the source of the times and 

the characteristics of the environment from which the material was sourced 

(Mildenhall et al., 2006). However, there is currently a lack of complete 

information on the location and techniques available to collect the samples 

necessary to conduct an investigation (Alotaibi et al., 2020).  

5.1.4 Compression and Depression of the Soil 

Over time, the reconsolidation of the ground causes the soil to compact, 

creating a visible depression on the surface, this is because the soils from 

different levels of the grave have intermixed during the excavation and 

backfilling (Byers, 2011). Compression marks in the surrounding landscape also 

include prints from the suspect’s shoes, tyres and tracks of vehicles, backs of 

shovels, and hands and knees are commonly visible (Dupras et al., 2012).  

The depression and compression of the grave's surface causes the disturbed 

earth to pull away from the grave cut, forming small cracks around the perimeter 

of the grave (Morse et al., 1983). This causes changes to surface elevation, 

particularly around the edges of the grave cut (Corcoran et al., 2018).  

5.2 Visual Foot Search 

Visual foot searches are a well-established technique used across 

archaeological and forensic investigations, as it is a cheap, effective, non-

invasive method of examining sites (Gerrard et al., 2007; Grant et al., 2008; 

Dupras et al., 2012). Archaeologically, foot searches are used to collect and 

record evidence on the surface of the ground, to establish the function and 

period of the site without excavating. However, land access must first be 

granted either because the area is private property or because it is protected. 

Forensically, a site must be searched thoroughly and systematically to find and 

record physical evidence such as imprints and compressions (e.g. shoe prints, 

tyre, track, and tool marks) and trace evidence (e.g. paint, pollen, and hair 
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fibres), which can be used to locate a grave (Birzer, 2012; Ghanem and Sobh, 

2021). It is also important to consider the area a search is being conducted in. 

Searches being carried out on land used for arable or pastoral farming can only 

take place during certain times of the agricultural cycle (Grant et al., 2008). 

Whilst the undergrowth and tree roots may make it harder to identify evidence 

as they can be more hidden in woodland areas.  

Nevertheless, before a foot search takes place, an outer search boundary is 

established, which often follows visible naturally formed boundaries such as 

streams, hedges or ridgelines (Larson et al., 2011; Dupras et al., 2012; 

Donnelly and Harrison, 2017). However, defining the perimeter in an open area 

that has few physical features is difficult (Donnelly and Harrison, 2017). 

Although the information gathered from witnesses or through the other desk-

based techniques (see Chapter Four) can aid in establishing suitable 

boundaries for the search to take place within. 

5.2.1 Linear Search Patterns  

Linear, which means arranged or extended in a straight or nearly straight line 

covers the search methods of the strip, line, grid, and interlocking. Searchers 

walk along a transect in a series of lines or grids that has been marked by flags 

or poles (Grant et al., 2008).  

Line Search  

Line searches are carried out by a team of searchers, making them suitable for 

large areas of interest (Gerrard et al., 2007; Bell, 2019). Searchers stand side 

by side, then proceed to walk the area in a straight or nearly straight line (see 

Figure 15), whilst scanning the ground for indications of human disturbance 

(Mann and Sanderson, 2009; Byers, 2011; Bell, 2013). In straight and wavy line 

searches shown in Figure 15a and Figure 15b, searchers start at one side of 

the boundary, standing close enough that their field of view overlaps (Killam, 

2004; Dupras et al., 2012; Bell, 2013). They then move slowly to the opposite 

side, along the way marking anything of interest or any potential evidence with 

flags (Dupras et al., 2012; Ghanem and Sobh, 2021). The interlocking pattern 

shown in Figure 15c can be used to achieve a more thorough search, two rows 

of searchers face each other on opposite sides of the boundaries and then 

proceed to walk to the other side, passing each other in the middle (Killam, 

2004: 26). Although the advantage of a line search is it allows for all the ground 
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to be covered, which reduces the likelihood that evidence will be missed, it 

requires access to a large group of searchers (Byers, 2011). Particularly if the 

interlocking pattern is used, because it would require a team on both sides of 

the area.  

 

Figure 15: (a) the area of interest is searched by walking in straight narrow lines. (b) searchers walk 
in a slight wavey line. (c) the search is carried out in an interlocking pattern where two separate 

groups of searchers pass in the middle (Source: Author). 

Strip Search 

A strip search pattern is very similar to that of a line search but has been 

designed so that one searcher can survey the area of interest. The site is 

divided into multiple rows, marked out by rope or flags, each row is referred to 

as a strip (see Figure 16). The investigator then proceeds to either walk one 

strip at a time or back and forth until the entire area within the marked boundary 

has been completely searched (Birzer, 2012; Dupras et al., 2012; Bell, 2013; 

Ghanem and Sobh, 2021).  

 

Figure 16: (a) the area is divided into strips which are then searched one at a time. (b) searchers 

walk up and down the area in a zig-zag pattern (Source: Author). 

(a) (b) (c) 

(a) (b) 



78 
 

Grid Search  

Another variation of the line search is the grid search (see Figure 17), which can 

either be carried out by an individual or a search team. Once the line search is 

complete, a second search of the area is undertaken in a perpendicular 

direction to the first search (Birzer, 2012). There are two variations of a grid 

search pattern, Figure 17a shows the second search being carried out on a 

vertical transect, whilst Figure 17b shows the search looping around in one 

corner of the boundary and the second search being carried out vertically to the 

first. This search pattern is more time-consuming but is more likely to yield 

evidence or flag areas of interest because the ground is searched twice and 

from a different angle. This is particularly effective if the terrain is uneven, there 

are bushes/ground cover, or the light and/or wind direction is affecting the 

search (Dupras et al., 2012; Ghanem and Sobh, 2021). Searching at different 

angles means evidence not visible during the first search could be visible during 

the second pass.  

 

Figure 17: (a) the first search is a line search, and then a second search is carried out on the 
diagonal transect. (b) The first pass is a line search which then loops around and a second search 
is carried out perpendicular to the first (Source: Author). 

5.2.2 Quadrant Search Patterns 

Investigator and/or the search area is larger because it subdivides into smaller 

more manageable zones (Grant et al., 2008; Mann and Sanderson, 2009; 

Birzer, 2012; Bell, 2013; Bell, 2019; Harris and Lee, 2019; Ghanem and Sobh, 

2021). Baselines are laid out across the area from the established boundary 

and marked by pegs, rope or tape measures, to allow for accurate recording. 

The zones are either 10𝑚2 or 20𝑚2 (Foard, 1977; Mann and Sanderson, 2009). 

Two variations of the quadrant method are presented below in Figure 18. In 

Figure 18a the area of interest is divided into zones, each zone is then 

(b) (a) 
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searched using the strip zig-zag pattern. Although Figure 18b is also divided 

into zones, the investigator walks along a diagonal transect from the outside 

boundary into the centre, this can be completed by one investigator or a team of 

searchers. 

 

Figure 18: (a) the area is divided into zones and then walked using a zig-zag pattern. (b) each zone 
is searched on a diagonal transect starting at the edge and walking towards the centre (Source: 
Author). 

5.2.3 Alternative Search Patterns  

The spiral search pattern (see Figures 19a and 19b) can be used starting from 

the centre of the site or the boundary, investigators then either search in 

decreasing or increasing concentric circles (Miller, 2002; Birzer, 2012; Dupras 

et al., 2012; Bell, 2013; Ghanem and Sobh, 2021). The reverse spiral (Figure 

19a) can be applied when human remains or a grave have already been 

located, the search starts there are then spirals outwards, allowing 

searchers/search teams to find any evidence that may have been dispersed 

around the site (Hall, 1982; Dupras et al., 2012; Bell, 2013). Figure 19c 

presents the wheel search pattern, similar to the spiral pattern, the search area 

is considered circular, it is then divided into zones, searchers start in the centre 

and then proceed to walk outwards to the boundary (Birzer, 2012; Ghanem and 

Sobh, 2021). This search pattern is considered to work best on smaller sites, 

although it can be adapted to work in larger search areas (Miller, 2002). 

However, the reverse spiral and the wheel search pattern can cause 

investigators to accidentally disturb or destroy evidence as they make their way 

to the centre to start the search (Birzer, 2012; Ghanem and Sobh, 2021). As 

such, it is important that if alternative search patterns are applied to casework, 

search teams are mindful of where they are walking before the search has even 

started to prevent the unnecessary disruption of evidence.  

(a) (b) 
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Figure 19: (a) This spiral search pattern starts in the centre of the site and spirals outwards. (b) The 
spiral search pattern starts at the outside of the site and spirals into the centre. (c) Wheel search 
pattern, search teams start in the centre and walk to the boundary (Source: Author). 

5.2.4 Foot Searches in Relation to Mass Graves 

This method is a well-established technique for two reasons. Firstly, it is cheap 

to employ as search teams are often made up of volunteers. Secondly, it is non-

invasive which means it does not destroy potential evidence concealed within 

the subterranean landscape. The use of search patterns helps maintain 

organisation and structure, ensuring any evidence is not missed and/or lost 

during the process. However, before a foot search can take place permission to 

access the location needs to be obtained. For archaeological investigations, this 

permission comes from the landowner, whereas during forensic investigations 

access is granted in the form of a search warrant, if necessary.  

Despite obtaining permission, archaeological field searches are often restricted 

to certain stages of the agricultural cycle, such as when the field has been or is 

ready to be ploughed because they cannot occur during the growing season. 

Search perimeters can also be hard to define, particularly if naturally occurring 

boundaries are not present (i.e. trees and hedgerows), however, information 

gathered during the desk-based assessment can help provide an idea of where 

to place the boundary. There may also be difficulty in conducting a thorough 

foot search if the ground cover is dense, as it is harder to find physical evidence 

or evidence of the grave itself. Although this can often be overcome by selecting 

a search pattern that allows the site to be searched from different angles or by 

having the team search closer together. 

As such, foot searches are an effective non-invasive method for locating 

surface evidence and physical alterations created by the presence of a grave 

across archaeological and forensic casework. This surmises that it can be 

(b) (a) (c) 
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successfully applied during the search for mass graves because the array of 

search patterns means they can be applied and adapted to fit both smaller and 

larger sites. However, it is important to remember that the scale of a mass 

grave site means that many of the physical markers may be more challenging to 

see. Sites containing potential mass graves related to human rights atrocities 

and/or war crimes should also be surveyed for buried mines and declared safe 

before a foot search can take place. Not doing so will cause this technique to be 

unsuitable.  

The application of search patterns ensures the exploration of a site is organised 

and well structured, this helps to minimise the risk of evidence being missed, 

damaged or lost during the initial processes. Whilst there is not a standard 

search pattern, the array of patterns discussed above are most commonly used. 

Selecting one of the patterns once on-site provides search teams with the 

flexibility needed to adapt to different locations while ensuring the search is 

managed and well-coordinated. 

5.3 The Application of Remote Sensing  

Remote sensing is the process of acquiring information about a site or object 

without physically coming into contact with it (Lillesand et al., 2015). It has been 

widely researched and applied to many fields, such as agriculture, computer 

science, defence, forestry, geology, and national security (Murray et al., 2018). 

Although remote sensing is used in archaeology and forensic archaeology, 

when it comes to the detection of human remains it is still in the early stages of 

development (Barbazon et al., 2020). Nevertheless, it has been applied to mass 

grave casework. Investigators working in Bosnia combined data collected from 

satellite imagery, limited spectral analysis and Geographical Information 

Systems (GIS) to locate some of the sites (Wheatley and Gillings, 2002).  

The classification of the different types of remote sensing, such as Visible, 

Near-Infrared, Thermal-Infrared (see Chapter Seven: pg. 121), and Microwaves, 

is based on the values of pixel brightness and spatial gradients which are used 

to differentiate surface features to build an image of the area (Babic et al., 2000; 

Jia et al., 2016; Murray et al., 2018). 

This section focuses on the different remote sensing techniques that are either 

used or could be used to locate mass graves; such as GIS, Light Detecting and 
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Ranging Systems (LIDAR), Multispectral, Hyperspectral and Infrared Sensors, 

and Structure from Motion (SfM).  

5.3.1 Geographical Information Systems 

GIS is a database and mapping system used to capture, store and manipulate 

geographical data (Bearman, 2021; Darvill, 2021). By combing layers of data, 

such as drainage, traces of human activity, and topography, archaeologists can 

build up a digital image of the landscape (Bray and Frieman, 2008). This means 

it is an extremely effective tool for plotting and analysing sites of interest against 

other data collected from other sources such as aerial images and digital maps 

(Darvill, 2021).  

By comparing the landscape against aerial images, archaeologists can show 

changes in the landscape consistent with those created during the digging of a 

mass grave. Several researchers such as Hirschfield and Bowers (2001), 

Somma et al., (2018) and Spera et al., (2020) suggest that GIS has the 

potential for detecting areas of interest like a gravesite. As a visualisation tool, 

surveyed data collected from a site can be uploaded into computer software, 

like ArcGIS (Spera et al., 2020). Once the GIS databases are established, 

mapping the data into a form that can be used is possible from the outset, 

allowing archaeologists and investigators to explore the spatial patterns present 

in the results from the start of the analysis process (Gregory, 2003). This would 

be particularly important when working on a time-sensitive case, as it means 

results can be accessed quickly. GIS was successfully used to narrow down 

potential burial locations in Eastern Bosnia (Reddick, 2006). However, more 

research into how GIS can be utilised as a locator tool is needed. 

5.3.2 Light Detecting and Ranging Systems  

Light Detecting and Ranging Systems (LiDAR) was also not originally 

developed for archaeological use, rather it is a technology that has been 

adopted by archaeologists who saw its potential (Historic England, 2018). 

LiDAR records the time it takes for a pulse of near-infrared or visible green light 

to hit the surface of the earth and get reflected by the sensor (Corcoran, 2016; 

Dong and Chen, 2017; Koopman, 2017; McManamon, 2019). Calculating this 

means it is possible to record the location of points on the ground with a high 

level of accuracy, the data can then be used to develop 3D models of the 

ground (Dong and Chen, 2017; Historic England, 2018). The data sets 
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themselves are referred to as ‘point clouds’, these points represent the 

coordinates of every place the pulse interacted with an object (Corcoran, 2016; 

Decker and Borghetti, 2022). As an active sensing technique, numerous data 

points are continuously accumulated causing an increase in the overall density 

of the point cloud (Zheng and Weng, 2014; Corcoran, 2016). By building a 3D 

model of the ground, archaeologists can see depressions and/or structural 

outlines in the surface of the earth which could be interpreted as gravesites.  

This technique has been extensively applied to archaeological casework, to 

map known burial mounds and cemetery grave plots, predict the location of 

unknown mounds and detect ground elevation changes as grave fill settles 

(Riley, 2009; Chase et al., 2011; Weitman, 2012; Artz et al., 2013; Corcoran, 

2016; Koopman, 2017; Corcoran et al., 2018). Suggesting this technique could 

be effectively applied to mass grave casework, however, currently, there is little 

to no research in terms of using LiDAR to detect mass graves or its uses within 

a forensic capacity. This could be because without extensive investigation there 

is no definitive way of confirming that the depression is a grave, nevertheless, it 

could be used to facilitate other data collection techniques. LiDAR also relies on 

light and cannot see through trees or any other solid object, as this is what 

causes the light pulse to bounce back to the sensor (Historic England, 2018). 

Instead, LiDAR can measure through gaps in the vegetation or tree canopy, as 

long as the gaps are sufficient (Corcoran, 2016; Historic England, 2018). 

Therefore, if the grave is situated in dense vegetation or forest, data results 

would be poor, as it makes it difficult to automatically filter out the vegetation 

from the point cloud (Riley, 2009). 

5.3.3 Multispectral Sensing 

Multispectral sensing obtains images by recording separate wavelength 

intervals using a remote sensing radiometer, each interval is represented in the 

form of pixels and ranges from 5-12 bands (Sabins, 1996; Adão et al., 2017). 

Once processed, one of the ways the data can be displayed is through a 

reflectivity map, however, multispectral imagery collates large amounts of 

surface feature data which can make the processing and analysis stage difficult 

(He and Zhao, 2018; Janoušek et al., 2021).  

Research carried out by Rocke and Ruffell (2022: 73) suggests there is the 

potential to combine multispectral data with digital terrain modelling, as they can 
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be used to detect micro-topography created by ground disturbances, which 

outlast anomalies associated with vegetation alterations. Suggesting this 

technique would be effective as a tool for locating mass graves. Multispectral 

wavelength bands (for example blue, green and red) also interact with 

vegetation differently, depending on solar radiation and chemical composition 

(see Chapter Seven: pg. 113-114) (Janoušek et al., 2021). This means 

multispectral imagery can be used to detect stresses in the vegetation which 

could be a sign that a mass grave is present. However, the nature and quality of 

data are immense, whilst there is potential for this technology to detect both 

single and mass graves, research into the long-term recovery trends and 

detection limitations are yet to be published (Rocke and Ruffell, 2022: 85).  

5.3.4 Hyperspectral Sensing  

Hyperspectral sensing is more sensitive than multispectral sensing as it 

consists of hundreds or even thousands of wavelength bands that are 

simultaneously imaged (Sabins, 1996; Adão et al., 2017; Murray et al., 2018; 

Decker and Borghetti, 2022). Each pixel represents the intensity of emittance or 

reflectance at a specific electromagnetic wavelength, which is used to detect 

and discriminate between objects on the surface of the ground (Murray et al., 

2018; Decker and Borghetti, 2022). This means details that may be missed 

when using multispectral imaging could be detected in the hyperspectral data, 

as it builds a more detailed picture (Adão et al., 2017).  

However, there are multiple drawbacks currently associated with hyperspectral 

imaging. If improved, this technique could result in an abundance of data, that 

could be applied to the detection and documentation of mass grave 

investigations (Murray et al., 2018). These drawbacks include:  

• Hyperspectral sensors collected massive amounts of data which need to 

be stored, this can limit flight time and coverage (Anand et al., 2017; 

Murray et al., 2018).  

• The collected data needs to be processed and due to the amount of 

data, this can be a time-consuming process. 

• Processing the data is currently a complex procedure due to the 

hundreds/thousands of narrow bands that need to be processed, it can 
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be difficult to manage in real-time without up-to-date computer resources 

(Adão et al., 2017).  

Although hyperspectral imagery has the potential to detect soil and vegetation 

anomalies better than multispectral sensing, analysis of the data requires 

complex computer algorithms, that many working within humanitarian 

organisations and the police may not understand (Bioucas-Dias et al., 2013). 

Nevertheless, the development of hyperspectral sensing is still an ongoing 

process across agriculture, forestry, archaeology and other related fields (Adão 

et al., 2017).  

In recent years, research has been conducted to determine if it can be used as 

a potential search method. Experiments performed by Kalacska et al., (2009) 

and Leblanc et al., (2014) show the promise of using hyperspectral imaging to 

detect gravesites. Kalacska et al., (2009) research analysed the spectral 

reflectance of a set of animal mass graves and identically constructed false 

graves, the results indicated that the reflectance spectra of the mass grave 

were easily discernible from the false grave. Leblanc et al., (2014) performed 

blind tests using hyperspectral imaging to locate pig carcasses their results also 

showed the promise of using hyperspectral imagery as those involved were 

successfully able to predict where the graves were within a 10m GPS error 

range. More recent research conducted by Barbazon et al., (2020) suggests 

that reflectivity markers and fluorescent spectra can provide valuable 

information, which can be applied to the detection of plant anomalies. This is 

because younger vegetation shows up differently from that older vegetation, 

therefore, spectra responses from the surrounding trees, shrubs and grasses 

could act as a guide for finding gravesites (Ruffell and McKinley, 2008; 

Barbazon et al., 2020). 

As such, hyperspectral sensing shows promise in being used to detect single 

and mass graves. It can also be used to search large areas that would 

otherwise be inaccessible by foot. 

5.3.5 Near-Infrared Sensing 

The use of near-infrared sensing to detect single clandestine graves is a new 

concept, for both forensics and archaeology (Evers and Masters, 2018). When 

comparing soil and vegetation using the near-infrared spectrum, vegetation has 
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higher reflectance in the very near-infrared range and a lower reflectance in red 

wavelengths (Murray et al., 2018). This means it can be very easy to detect 

vegetation that has been stressed by changes to the soil nutrients and aeration 

using near-infrared (Carter, 1993; Murray et al., 2018). Research carried out by 

Verhoeven (2008) establishes that using near-infrared imagery when surveying 

archaeological areas of interest is beneficial for locating less noticeable 

features. However, the position of the sun influences the shadowing of features 

and vegetation, this can cause their appearance in the image to alter (Evers 

and Masters, 2018). There is also the issue of the images not being clear 

enough to use, this can be seen in an experiment carried out by Evers and 

Masters (2018: 413) approximately 300 images were captured during a single 

flight over the experimental site, but when analysed later many were unusable 

due to motion blur and distortion. Therefore, whilst it is possible to locate a 

gravesite using near-infrared imagery, further testing is needed.  

5.3.6 Structure from Motion  

SfM, like LiDAR, creates 3D images, the difference is that SfM data is collected 

using a single camera attached to a moving platform like a UAV (Ozyesil et al., 

2017; Historic England, 2018; Murray et al., 2018). As a photogrammetry 

technique, it is used to produce very accurate digital models of the ground and 

estimate plant features, such as height and light exposure (Shafiekhani et al., 

2017; Historic England, 2018).  

SfM can map small to medium-sized areas more accurately than LiDAR can, it 

is also able to collect data whilst offline, which is particularly helpful if the area 

of interest is in a remote location (Historic England, 2018; Murray et al., 2018). 

However, there are still some drawbacks, firstly the number of images is 

restricted by the battery life and the need for overlap between images (Historic 

England, 2018).  

Research has begun to explore the possibility of using SfM to build 3D 

reconstructions of non-clandestine graves and surface remains for 

archaeological purposes, however, there are challenges that SfM presents that 

need to be understood before it is applied to forensic casework (Levy et al., 

2014; Murray et al., 2018). This is because SfM is most commonly used to 

record structured environments, such as urban areas, mass graves occur in 

much more remote and discrete locations where vegetation often covers the 
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surface of the ground, it is also not clear how much of the scene would need to 

be imaged to detect the grave (Murray et al., 2018).   

5.4 Conclusion 

When a mass grave is created, the use of heavy machinery, tools and vehicles 

causes damage to the vegetation and surrounding landscape. Whilst the 

vegetation can recover, should enough time pass, the process is relatively slow. 

Therefore, taphonomic signatures that physically alter the landscape can be 

used to indicate the presence of a mass grave. Across archaeology and 

forensic archaeology, these alterations have been successfully identified 

through the use of a foot search. However, it is not always possible to use this 

technique, particularly if the casework is undertaken in conflict or post-conflict 

zones, where the area may be inaccessible or unsafe. Remote sensing 

methods present an alternative, or complementary technique in situations 

where foot searches are unable to be conducted, given the potential it has 

shown in archaeological contexts. Although more research is needed to fully 

assess its applicability to mass grave casework.  
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Chapter Six: Stratigraphic Alterations 

The interdisciplinary study of stratigraphic alterations draws upon knowledge 

and understanding from a range of different fields, particularly archaeology and 

geology (Steffen, 2016). Whilst one of the most distinctive features of a mass 

grave or indeed any grave is the visible evidence of disturbed soil, it also 

causes changes to the stratigraphy of the subsoil (Bevan, 1991). Which, if 

recognised could provide archaeologists with the means of identifying and 

confirming the presence of a mass grave within the landscape. Therefore, this 

chapter focuses on analysing the following questions:  

• What are stratification and stratigraphy? 

• What techniques can be used to detect stratigraphic disturbances? 

• What are the advantages and disadvantages of these techniques? 

• What geotaphonomic alterations can they detect? 

• Do these alterations change over time? 

• Does soil type have an impact? 

• Can these alterations be used to indicate the presence of a mass grave? 

6.1 Site Formation: Geological vs Archaeological Stratification and 

Stratigraphy  

Stratification and stratigraphy originated in the field of geology. Whilst 

archaeological stratigraphy follows the same processes and concepts, there are 

key differences that archaeologists, particularly those based within the UK are 

expected to adhere to. 

6.1.1 Geological Stratification and Stratigraphy 

Stratification is the process of geological strata (layers), made up of rock, soil, 

and sediments, building up continuously over time to form a series of sequential 

layers (Dunbar, 1958; Renfrew, 1973; Barker, 1993; Harris, 1989; Lemon, 1990; 

Evis, 2016; Banning, 2020). Whereas, stratigraphy is the overall study of 

stratification, with the view to arranging geological strata into a chronological 

sequence (Renfrew, 1973; Harris, 1989; Barker, 1993; Evis, 2016: 4). As such, 

every new layer forms on top of a pre-existing one (see Figure 20), therefore, 

the deeper layers are older than the ones at the surface (Waters, 1992; Herz 

and Garrison, 1998; Killam, 2004; Dupras et al., 2012; Holland and Connell, 

2016).  
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Figure 20: Sequence of stratification layers, youngest down to oldest (Source: Author). 

Geological strata occur naturally and are formed of five master layers and 

several minor layers, every layer is given a designated letter and is known as a 

horizon (see Figure 21), the master layers are O, A, B, C, and R (Limbrey, 

1975; Courtney and Trudgill, 1976; Steila, 1976; Herrmann et al., 2018). 

Horizon O is the organic layer, containing high levels of organic matter, dark in 

colour it contains fresh or partially decomposed leaf litter, needles, twigs, moss 

and/or lichen (Lou et al., 2021). Horizon A, the topsoil, is a mixture of both 

mineral and organic materials, whereas horizon B, the subsoil, contains all the 

materials filtered down from A (Limbrey, 1975). Horizon C, the parent material, 

is formed of deposits of soil believed to have developed from horizon R, the 

underlying unaltered bedrock (Limbrey, 1975; Courtney and Trudgill, 1976; 

Steila, 1976; Banning, 2020). 

 

Figure 21: Soil horizons, showing the organic layer (O), topsoil layer (A), subsoil layer (B), parent 
rock (C), and bedrock (R) (Source: Author).  
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6.1.2 Archaeological Stratification and Stratigraphy  

Archaeological sites are formed by human activity and natural processes. The 

formation of artefacts and features provides evidence of past societies, over 

time they become buried by natural processes (Schiffer, 1983). As is the case in 

geology, archaeological stratification is the process of each layer continually 

forming, whilst stratigraphy is the chronological study of the formation sequence 

(Dirkmaat and Adovasio, 1997; Evis, 2016). However, similarities end there. 

The stratification of a site is composed of layers and interfaces (see Figure 22), 

caused by a disturbance to the earth’s natural strata (Harris, 1979a; Evis, 

2016). A layer has a physical presence within the site and has been deposited 

there either by natural processes or more likely by the actions of people 

(Barker, 1993; Harris, 1979a; Harris, 1989; Evis, 2016). Whereas, an interface 

or surface which is created by the deposition or removal of a layer, can either 

be vertical or horizontal, however, it cannot be excavated and should be 

recorded where it is found (Evis, 2016: 5). 

 

Figure 22: Surfaces and Layers (Source: Author). 

6.1.3 Principles of Stratigraphy  

The process by which archaeological stratification occurs is governed by the 

Principles of Stratigraphy (Evis, 2016: 5). These are: 

• Principle of Superposition: Strata are deposited sequentially on pre-

existing layers, this means stratigraphic layers nearest the surface are 

the youngest and the deeper layers get progressively older (Dunbar, 

1958; Harris, 1979a; Herz and Garrison, 1998; Allaby, 2020; Darvill, 

2021). 

• Principle of Original Horizontality: Strata are deposited horizontally or 

near horizontally (Harris, 1979a; Herz and Garrison, 1998; Allaby, 2020). 

Surface 

Layer 
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• Principle of Original Continuity: Each stratum was originally considered 

whole without any exposed edges, when the underlying layers are 

exposed through excavation or erosion, its continuity is sought or 

absence explained (Woodford, 1965; Harris, 1979b; Herz and Garrison, 

1998). 

• Principle of Stratigraphical Succession: Archaeological stratification takes 

its place in the stratigraphic sequence of a site from its position between 

the oldest and youngest strata, which lies directly above and below it in 

direct physical contact (Harris, 1979b; Herz and Garrison, 1998). 

• Principle of Intercutting: A feature or deposit that cuts across or into an 

existing layer of strata that must be more recent than the existing layers 

(Darvill, 2021; 1530). 

• Principle of Incorporation: All material found within a stratigraphic unit 

must be the same age or older than the strata itself (Darvill, 2021: 1530). 

• Principle of Correlation: Comparisons can be identified between strata 

that have the same features, contain the same array of artefacts and 

organic materials, and occupy a similar stratigraphic position within the 

associated stratigraphic sequence (Darvill, 2021:1530-1531).  

Following these principles enables archaeologists to understand the sequence 

of events that took place, provide information on when evidence and/or remains 

were buried, and reconstruct the events surrounding the creation of a grave 

(Hochrein, 2002a; Hunter and Cox, 2005; Dupras et al., 2012; Darvill, 2021).  

Each context is allocated a unique identification code and its position within the 

stratigraphic sequence is identified (see Figure 23) and recorded using the 

Harris Matrix (see Figure 24) (Harris, 1975; 1979a; 1979b; Harris et al., 1993).  

Figure 23: Example stratigraphic sequence with identification number recorded (Source: Author). 
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Figure 24: Example of a stratigraphic sequence recorded as a Harris Matrix (Source: Author). 

6.1.4 Stratigraphy and Stratification in Grave Formation  

The digging of a grave cuts through the existing strata (see Figures 25a and 

25b), permanently interrupting and mixing the soil layers (Hochrein, 2002a; Evis 

et al., 2016; Holland and Connell, 2016). The subsequent backfilling of the 

grave (Figure 25c) causes the formation of new layers and surfaces (Evis et al., 

2016). This is because the disturbance of the subsoil is considered an 

irreversible process, that can only be altered, rather than returned to its original 

state (Harris, 1979a). It also alters the soil's colour, density and physical 

properties which can be picked up through visual techniques (see Chapter 

Five), or through non-invasive and invasive techniques discussed later in the 

chapter.  

Figure 25: (a) undisturbed soil layers. (b) layer cut caused by digging a grave. (c) a new layer 

formed with the backfilling of soil (Source: Author). 

6.2 Identifying Stratigraphic Disturbance: Non-Invasive Approaches 

Non-invasive approaches enable archaeologists to narrow down the possible 

location, size, and depth of a suspected mass grave site without destroying the 

area of interest (Gaffney and Gater, 2003; Hunter and Cox, 2005; Blau et al., 

2018; ICMP, 2022). Minimising the risk of potential evidence or artefacts being 

destroyed, reduces the demand on resources, increases efficiency and is cost-
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effective (Parrott et al., 2019). In forensic casework particularly, the use of non-

invasive approaches also minimises the risk of alerting anyone to the fact a 

mass grave has been located (ICMP, 2022). 

Non-invasive techniques include but are not limited to visual foot searches (see 

Chapter Five: pg. 75-81), remote sensing (see Chapter Five: pg. 81-87), and 

geophysical prospections (discussed further in this chapter).  

6.3 Geophysical Prospection 

Geophysical equipment is often used to survey archaeological and forensic 

sites, as it is the most effective way of locating stratigraphic disturbances 

related to the digging of a grave (Berezowski et al., 2021). Frequently used 

techniques include magnetometry, ground penetrating radar (GPR), and 

resistivity, although there are others which could potentially be used to locate a 

mass grave. Buried anomalies constitute the majority of the features recorded 

by geophysical means, typically these include but are not limited to ditches, 

walls, hearths, pits, and graves (Hunter and Martin, 1996: 97). By measuring 

the variations in physical properties (magnetic, gravity, or electrical), these 

features can be detected by the contrast in signatures that their formation has 

created in comparison to the undisturbed areas in the survey zone (Batey, 

1987; Gaffney et al., 2002; Herz and Garrison, 1996; Hunter and Martin, 1996; 

Reynolds, 2011).  

6.3.1 Magnetometry  

Magnetometry surveys detect slight variations in the earth’s magnetic field, 

enabling archaeologists to map structures and features without any destructive 

removal of soil or contact with the ground (Conyers, 2018; von der Osten-

Woldenburg, 2020). One type of magnetometer commonly used is the dual-

sensor gradiometer, seen below in Figure 26 (Schlinger, 1990; von der Osten-

Woldenburg, 2020). Carried out at a steady continuous pace, they pass over 

vegetation and obstructions easily, and aid with the coverage of large areas in 

quick succession as the measurements are continually taken (Fenning and 

Donnelly, 2004; Conyers, 2018).  
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Figure 26: Gradiometer Surveying (Image: Author). 

The collected data is then processed into visual maps allowing archaeologists 

to see visual patterns caused by buried material, the extent and potential nature 

of the buried archaeological site, and other buried features in the landscape 

(Benech, 2007; Mohamed-Ali et al., 2012). Whilst they are effectively applied in 

archaeology, magnetometry is too sensitive for forensic casework. An area with 

considerable disturbance and/or metal debris creates background noise which 

could be misinterpreted as a feature (Hunter and Martin, 1996). Therefore, 

surveys carried out near metal fences, pipelines, powerlines, and metal debris, 

or if the surveyor has metal on them, could produce false readings (Neubauer et 

al., 2003; Kalacska et al., 2008; Dupras et al., 2012). These readings can cause 

archaeologists to spend valuable time investigating and carrying out further 

investigations on an area that shows up falsely as an area of interest but that 

does not contain a mass grave, meaning valuable resources and time is 

wasted. However, mass graves are typically situated in remote rural areas, 

where there is less likely to be a large amount of metallic debris, the presence 

of any metallic anomalies may also cause a feature to stand out from the 

surrounding area. Therefore, magnetometry could be applied to forensic 

casework under this circumstance.  

6.3.2 Ground Penetrating Radar  

GPR (see Figure 27) transmits short pulses of radar waves from an antenna 

into the ground and records the time taken for the pulse to be reflected 
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(Bagaskara et al., 2021; Banning, 2002; Hunter and Martin, 1996; Moffat, 2015; 

Roskams, 2001). Providing reliable, rapid and high-resolution 3D images of 

buried structures (Verdonck et al., 2020).  

 

Figure 27: GPR Surveying (Image: Author). 

Research conducted by Damiata et al., (2013: 277) explored the possibility of 

using GPR to detect human remains, their results indicated that skeletal 

remains with good preservation recorded strong reflections, particularly over the 

thoracic and long bone regions. More recent research carried out by Bagaskara 

et al., (2021) supports and adds to these findings, using a GPR with a 700MHz 

antenna frequency, they established that recently buried bodies produced 

higher contrast anomalies than skeletal remains. However, GPR detects 

changes within the subsoil, provided those changes are significant enough, a 

single skeleton is not likely to create a big enough alteration. It is the differences 

between the grave fill and undisturbed surrounding soil that is being recorded, 

as GPR is considered good at mapping brick and stone foundations and 

locating buried objects, structures and pits (Gaffney and Gater, 2003; Herz and 

Garrison, 1998). Knaub’s (2019:12) GPR results showed clear high-frequency 

anomalies over the area containing the six-person mass grave, with almost no 

anomalies present over the empty grave or control area. Suggesting that GPR 

would be an effective prospection technique for locating mass graves, as it is 

unlikely to produce false positives.  
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However, the effectiveness of GPR when detecting mass graves is often 

dependent on the grave's depth, size, and soil composition (Powell, 2004; 

Pringle et al., 2008; Ruffell et al., 2009). As data readings can be different 

depending on the soil type and amount of moisture present in the ground. 

Sandy and drier soils are more translucent to radar, which means the pulse 

passes through easily, whereas, wet or clay soils only allow the pulse to 

penetrate a few centimetres (Herz and Garrison, 1998; Hammon et al., 2000; 

Ristić et al., 2020; Bagaskara et al., 2021; Berezowski et al., 2021). This is 

evident in research conducted by Schultz et al., (2006) which showed that GPR 

was able to detect a grave in sandy soil 21.5 months after burial, whereas the 

presence of a grave in clay was only detectable for the first 6 months.  

6.3.3 Resistivity  

Resistivity measures the resistance of electrical currents within the subsoil, to 

detect buried objects and features (Herz and Garrison, 1998; Banning, 2002; 

Gaffney and Gater, 2003; Dupras et al., 2012; Schmidt, 2013; Berezowski et al., 

2021). Two metal probes, known as electrodes, are inserted into the ground 

(see Figure 28) at 1m intervals along a grid, and electrical currents pass 

between the probes into the soil where a measurement of the resistance is 

taken (Hunter and Martin, 1996; Dupras et al., 2012; Dick et al., 2017). The 

recorded resistance is either a high or low anomaly, features which allow 

electrical currents to flow with ease are known as low resistance and can be a 

result of a ditch, pit, grave or metal pipe (Banning, 2002; Gaffney and Gater, 

2003; Dupras et al., 2012). Whereas high resistance is caused when the flow is 

interrupted, such as in a buried stone feature or coffin (Banning, 2002; Gaffney 

and Gater, 2003). 
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Figure 28: Resistivity survey (Image: Author). 

Resistivity can detect unmarked graves through the disturbed soil, which 

creates low resistivity anomalies, therefore, the grave will show up differently 

from that of the surrounding undisturbed soil (Hansen et al., 2014; Moffat, 

2015). However, a paper written by Willmott et al., (2020) on the mass grave 

found at Thornton Abbey does not support this, as the data presented highly 

resistant anomalies, which initially led the team to believe the site was a 

subsidiary post-medieval structure. They proposed that the results were caused 

by the sandy soil and density of body mass, which resulted in a looser grave fill, 

allowing water to drain with ease (Willmott, 2020: 183). This suggestion is 

conclusive with Berezowski et al., (2021: 12) who state the effectiveness of 

resistivity is dependent on the amount of moisture in the soil, implying that an 

understanding of seasonal and moisture changes is vital when conducting this 

type of survey. Although a forensic grave may be detectable regardless of the 

season, as long as there is still decomposition fluid present, soil can retain 

moisture for a considerable time after burial (Dick et al., 2017; Berezowski et al., 

2021). Most archaeological and forensic surveys are conducted with the probes 

set at a constant distance apart. However, vertical sections of resistance can be 

generated by altering the distance between the probe separation, the greater 

the separation the deeper the resistivity can take readings (Gaffney and Gater, 

2003). 

Nevertheless, resistivity can only be used in certain locations, as the probes 

need to be inserted directly into the ground, therefore, a mass grave concealed 
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under tarmac, concrete and/or another hard surface will not be detected 

(Hansen et al., 2014).  

6.3.4 Other Geophysical Prospections Under Consideration  

Whilst the three prospection techniques above are the ones most commonly 

used in archaeology and/or forensics in the UK, there below have the potential 

to detect mass graves or aid with the search and safety of a potential site.  

Electromagnetic 

Electromagnetic (EM) surveying measures electrical conductivity and magnetic 

susceptibility differences in the ground (Dalan et al., 2010; Dupras et al., 2012). 

An Electromagnetic field generated by passing an alternating current through a 

transmitter coil induces electrical currents into the ground, simulating a 

magnetic field, a receiver then detects and measures the contrast in soil 

conductivity (Banning, 2002; Gaffney and Gater, 2003; Cheetham, 2005). It has 

the potential to map large areas for subsurface changes in quick succession, as 

it does not need to come into contact with the ground (Cheetham, 2005; 

McKenzie and Ryan, 2008; Reynolds, 2011; Pringle et al., 2012). Therefore, 

with enough contrast between the grave fill and undisturbed soil, 

electromagnetic systems could detect a mass grave or any metallic artefacts 

buried with the remains (Cheetham, 2005; Dalan et al., 2010; Dupras et al., 

2012). However, research conducted by Molina et al., (2016) suggests 

electromagnetic surveying was not successful at detecting simulated graves, as 

they were unable to identify anomalies. 

Gravity  

Gravity meters or gravimeters measure variations in the earth’s gravitational 

field caused by density differences in the subsoil (Mariita, 2007; Moffat, 2015). 

In archaeology, it is used to detect subsurface cavities, such as those created 

by caves, graves, and mine shafts, as there is physical contrast between the 

density of the soil and/or rocks and the air-filled space in the ground (Alsadi and 

Baban, 2020; Fenning and Donnelly, 2004). However, Panisova et al., (2013) 

and Sarris et al., (2007) argue this surveying technique is unsuitable for locating 

coffins or clandestine graves as there is insufficient contrast between the grave 

and undisturbed soil. Whilst there is no research into using gravity surveys to 

locate mass graves, they are larger than single burials and could present 

sufficient contrast. Although further research to confirm this would be required.  
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Metal Detector 

Metal detectors transmit a magnetic field from the instrument into the ground, 

any buried metal within the magnetic field includes a secondary current, also 

known as an eddy current (Sharawi and Sharawi, 2007; Madavha et al., 2020). 

All metals have different electrical conductivity, making it possible to 

discriminate between ferrous and non-ferrous metals (Connor and Scott, 1998). 

Ferrous metals, such as cast iron and steel, contain iron which causes them to 

be magnetic, good electrical conductors and easily detectable with a metal 

detector (Connor and Scott, 1998; Madavha et al., 2020). Whilst non-ferrous 

covers all metals which do not contain iron, such as bronze and copper, 

regardless, they are generally good conductors, meaning they can also be 

detected using a metal detector (Madavha et al., 2020). As such, the presence 

of buried metal is detected by variations in the induced voltages in the receiving 

loop of the metal detector (Sharawi and Sharawi, 2007). Being able to 

distinguish between different ferrous and non-ferrous metals is important for 

determining whether the buried object is a potential threat or non-threat, this is 

vital when working in war zones as there is the risk of buried landmines 

(Bedenik et at., 2019). They can also effectively find other items such as 

weapons, bullets, bullet casings, metal grave goods, metal artefacts, and coils 

(Dupras et al., 2012). 

Metal detectors (Figure 10) can detect conducting metals and some minerals. 

They can therefore be used to identify sites that have no visible surface 

evidence, this means they are commonly applied to fields such as archaeology, 

mining and landmine detection (Bedenik et al., 2019; Haecker et al., 2019). 

Whilst they cannot directly identify the grave itself, they could be used to detect 

any metal buried within the grave (Stoutamire, 1983; Gaffney and Garter, 2003). 
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Figure 29: Metal Detecting (Image: Author). 

3.3.5 Can Geophysical Prospection Detect Mass Graves? 

Large-scale mass graves are frequently located in very open, remote and/or 

hard-to-access locations. Therefore, the geophysical prospection technique is 

largely dependent on the terrain. For example, a mass grave placed in a very 

open flat landscape can only be found by the most rapid of techniques, such as 

those which can be vehicle-towed. This is due to the whole area needing to be 

surveyed to ensure the grave cut is located; minimising the risk of the mass 

grave being missed. The need for raid coverage of a vast area can be seen in 

Case Study F3 (pg. 26), measuring c. 5000m2 it was investigated three times 

before the full extent of the area was uncovered.  

The area of land which can be covered by each technique in a day is dependent 

on the terrain and number of people conducting the surveying, as such, there 

are very few published figures. Nevertheless, Cheetham (2005: 75) does record 

that resistivity surveying using twin electrodes can cover 400m2 per hour, taking 

readings every 0.5m intervals, this means an area of 40 x 60m or more can be 

surveyed in a day. In regards to magnetometry surveying the BAJR Practical 

Guide 18 (2008: 4) states that this technique can typically cover about 1-1.5 

hectares of open land per machine per day, depending on the ground 

conditions. Whilst no specific figures could be found in regards to GPR, Historic 
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England (2023) states the efficient use of time in a large-scale search would be 

to use GPR which can be vehicle-towed and produces detailed measures over 

large areas.  

Therefore, out of the main three prospection techniques readily applied to 

casework, GPR appears to be the best for detecting mass graves. Whilst 

magnetometry and resistivity are regularly used in archaeology, they could be 

unsuitable for locating mass graves. Firstly, magnetometry is very sensitive to 

background metal debris, causing false readings, particularly in an area 

containing landmines. However, in remote areas, where there is little to no 

metal debris, it could be considered an effective technique. Secondly, resistivity 

requires probes to be inserted into the ground, if the mass grave has been 

concealed under a building or a tarmac road this would prevent the technique 

from being used.  

Out of the three other geophysical prospection techniques, research into EM 

surveying, a method commonly used in the US, has been unsuccessful at 

identifying anomalies created by simulated graves. Whilst there is currently no 

research into how effective gravimeters would be. Therefore, without further 

experimental research being conducted, EM and gravimeters would be 

ineffective at finding mass graves. Finally, metal detectors, if used alongside 

other surveying methods could be used to detect ferrous and non-ferrous 

metals buried within a mass grave and could therefore indirectly locate a mass 

grave.  

6.4 Invasive Approaches  

Whilst non-invasive approaches enable archaeologists to prioritise the site with 

the greatest potential for further investigation, an invasive approach can be 

employed to follow up and confirm the presence of a feature and/or grave. 

However, invasive techniques are ultimately destructive causing vital 

information, evidence and/or remains to be unintentionally destroyed or 

damaged (Owsley, 1995; Haglund et al., 2001; Roskams, 2001; Killam, 2004; 

Dupras et al., 2012). Invasive techniques range from the less destructive soil 

probing and coring to the more destructive test pits and trenching.  



102 
 

6.4.1 Soil Probing  

Soil probing is used to determine subsoil density differences, the probe is 

inserted into the ground at regular intervals along a survey grid/search pattern, 

using equal pressure to assess the compactness of the soil (Morse et al., 1983; 

Killam, 2004; Dupras et al., 2012; Holland and Connell, 2016). There are two 

types of probes, the T-bar and penetrometer, of the two the T-bar is most 

frequently used by archaeologists. A metal probe, the T-bar measures 

approximately 1m in length, with a crossbar handle to form a T-shape (Morse et 

al., 1983; Schmitt, 2002; Ruffell, 2005; Dupras et al., 2012; Holland and 

Connell, 2016). Whilst the penetrometer has a weight/pressure gauge attached 

to it, as it records the amount of pressure it takes for the probe to sink into the 

soil (Ruffell, 2005; Dupras et al., 2012). Once the suspected perimeter of the 

grave has been defined by geophysical prospection, archaeologists can use the 

probe to either confirm the grave boundary and/or detect where their greatest 

concentration of bodies is located (Wright et al., 2005; Bartelink et al., 2016). 

The ground where the soil has been disturbed, particularly very recently 

backfilled graves, will be less dense allowing the probe to pass through with 

more ease than the undisturbed soil (Connor, 2007; Dupras et al., 2012).  

However, probing in archaeology and forensic casework should be kept to a 

minimum and in some countries, such as the UK is discouraged from being 

used (Wright et al., 2005; Bartelink et al., 2016). As the archaeologist is probing 

blind, whilst geophysical prospection may have detected the grave boundaries 

and depth, there is no way of knowing how much soil is between the suspected 

bodies and the surface, causing potential damage to crucial evidence and/or the 

remains (Wright et al., 2005; Fiedler et al., 2009). Therefore, probing should 

only be used if there is no other way of obtaining the required information, and 

the pathologist is warned which remains may show evidence of probe 

penetration marks so it is not misinterpreted as an injury caused by the 

perpetrator(s) (Wright et al., 2005).  

6.4.2 Soil Coring  

Similar to a probe, a soil corer is a hollow metal probe which gets inserted into 

the ground and a core of soil is removed (Banning, 2002; Holland and Connell, 

2016; Banning, 2020). Removing and examining cores of soil at regular 

intervals along a survey grid/search pattern within the area, to determine the 
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boundary of the grave and disturbed soil (Dupras et al., 2012). Soil cores taken 

from undisturbed soil will appear stratigraphically accurate, whilst disturbed soil 

will have no obvious layers due to the mixing that takes place during the 

excavation and backfilling processes when the grave is created (Holland and 

Connell, 2016).  

Whilst research conducted by Fiedler et al., (2009) shows that soil coring has 

successfully pinpointed World War Two mass graves in Germany, the extracting 

of soil cores has the potential to damage evidence and/or buried remains 

(Dupras et al., 2012; Holland and Connell, 2016). Therefore, as with soil 

probing, it is not recommended during forensic and archaeological casework, 

and if it is, then any damage caused to the remains or evidence needs to be 

documented.  

6.4.3 Test Pits and Trenching 

Test pits and trenching are essentially the same technique, the only significant 

difference is the size and way they are excavated. Generally, test pits are 

smaller than trenches, their standard size and depth are 1m x 1m x 1m, 

because of this they are excavated using hand tools such as a mattock, shovel 

and trowel (Banning, 2002; Carver, 2009; Bartelink et al., 2016). Test pits are 

used to gain an understanding of the stratigraphy of the site, once an area of 

interest has been established, a remote test pit, set back from the main site is 

excavated to determine the natural/manmade stratigraphic sequence (Anderson 

et al., 2008; Grant et al., 2008; Carver, 2009; Bartelink et al., 2016). This acts 

as a guide for archaeologists to compare the area of interest. Further test pits 

are then strategically or randomly placed around the site and excavated layer 

by layer to detect areas of disturbed stratigraphy, and the presence, absence 

and/or concentration of human remains/potential evidence (Bartelink et al., 

2016: 283).  

Although trenches can be excavated manually, it is quicker and more efficient 

when clearing a larger area and establishing a deeper soil profile using heavy 

machinery (Schmitt, 2002; Anderson et al., 2008; Bartelink et al., 2016; Holland 

and Connell, 2016). Placed at specifically spaced intervals, the width of the 

trench is determined by the dimensions of the digger's bucket, the length and 

depth tend to vary depending on the archaeologist's specification (Grant et al., 

2008; Carver, 2009). For example, when trenching was used during the mass 
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grave excavated in El Maguelar, Honduras in 1995, archaeologists excavated 

five major trenches measuring 30m x 1.5m x 1.2m and four minor trenches 

measuring 9m x 1.5m x 1.2m, order to find the graves perimeter and skeletal 

remains (Schmitt, 2002: 281). Therefore, trenches are used to identify changes 

to the soil, human remains, potential evidence and its depth without carrying out 

a full-scale excavation (Anderson et al., 2008). However, trenching is 

dependent on the area and suspected depth of the human remains and/or 

potential evidence, as it is a destructive process which destroys parts of the site 

without it being understood or recorded, and should therefore be kept to a 

minimum (Barker, 1993; Anderson et al., 2008; Bartelink et al., 2016).  

Test pits and trenching are often carried out during the final stages of an 

archaeological and forensic search, due to their destructive nature (Pringle et 

al., 2012). Nevertheless, they are considered the most reliable and standard 

technique for detecting/confirming the presence of an archaeological 

site/feature, a grave/mass grave, and evaluating the stratigraphy of the area, 

without a full-scale excavation (Barker, 1993; Schmitt, 2002; Grant et al., 2008; 

Carver, 2009; Pringle et al., 2012). For this reason, it is a technique used in 

most archaeological and forensic casework, including when locating mass 

graves, for example, see Case Study F1 (pg. 25). 

6.4.4 Detecting Geotaphonomic Phenomena in Mass Graves 

Invasive techniques are not only used to confirm the presence of stratigraphic 

disturbance, evidence/human remains and/or the grave boundary. They can 

also be used to detect other geotaphonomic phenomena, such as soil 

characteristics, sedimentation and internal compaction.  

Soil Characteristics  

There are several different soil types that a grave could be found in, these are 

chalk, clay, gravel, loam, peat, sandy, and silt. The variations between them are 

down to their biological, chemical, mineralogical, and physical properties which 

alter the colour, texture, and structure (Courtney and Trudgill, 1976; Dupras et 

al., 2012; Fitzpatrick, 2008; Hester et al., 2008). For example, sandy soils are 

highly absorbent but have poor water retention, which means very few surface 

cracks would develop, and sandy soils are also very acidic (Osman, 2018; 

Steila, 1976). Silty soils are similar to sandy soils, however, they can retain 

more water (Steila, 1976). Peat soils have a high water absorbency and 
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retention, their anaerobic conditions also slow down the process of 

decomposition (Osman, 2018). As with peat, clay soils are also highly 

absorbent and able to hold more water than many of the other soil types. Due to 

their water-retaining abilities, peat and clay soils are sticky when wet, as they 

dry out they shrink, which means they are prone to cracking when dry (Banning, 

2020; Steila, 1976). These distinguishable differences could mean that a grave 

located within each soil type may appear different, as well as cause alteration in 

geophysical readings. 

Sedimentation  

Digging and backfilling a grave creates exposed surfaces and loose grave fill. 

This allows water to flow over and/or through the grave with ease and in the 

process collects all the loose sediments (Hochrein, 2002a; Dupras et al., 2012). 

The pooling, evaporation, and drying of water and sediments produce cracking 

on the surface of the grave (see Figure 30), making the grave identifiable 

(Morse et al., 1983; Hochrein, 2002a; Dupras et al., 2012). Research conducted 

by Watson et al., (2020) highlighted that surface cracks were visible 13 days 

after the experiment commenced. Suggesting sedimentation cracking can be 

applied by archaeologists as a visual identification marker fairly soon after the 

grave is created. Their experiment also established that both the cracking and 

the perimeter of the grave were evident within the landscape 35 months after it 

was created (Watson et al., 2020). However, how distinctive and deep the 

cracks are is largely dependent on the soil type, as sandy soils show less 

cracking than clay and peat. 
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Figure 30: Surface cracking caused by sedimentation (Image: Author). 

Internal Compaction vs Natural Postmortem Movement  

Internal compaction refers to a compressed area of the grave fill which has 

been caused by the movement of a victim being buried alive (Hochrein, 2002a: 

62). Due to the ethical issues surrounding experimental research involving live 

burials, it is the least explored area of geotaphonomy (Hochrein, 2002b). 

Nevertheless, there is one known documented forensic case which shows 

evidence of internal compaction, the case in question is that of the 1988 serial 

murderer Dorothea Montalvo Puente. Puente was convicted of killing seven 

elderly men and women who were staying in her home (Hochrein, 2002b). 

Investigators, when reviewing the crime scene photographs noticed unusual 

compaction on either side of the victim's legs, and a mountain-like effect in the 

soil above the knees (Wood, 1994). Whilst it cannot be backed by experimental 

research, these features are suggestive of movement within the grave as if the 

legs were moving from side to side, presenting a clear indication that the victims 

were buried alive. However, developing an understanding of naturally occurring 

postmortem movement could further aid the understanding of internal 

compaction.  

As the body decomposes, voids are created within the grave which causes the 

remains to shift into them. This postmortem movement has the potential to 

leave behind a body compression mark in the soil where they were originally 

positioned. This theory has recently been explored by Mickleburgh et al., (2022: 
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560) who upon excavation discovered there was clear evidence of soft tissue 

impressions, particularly within clay soils. By researching and understanding 

this naturally occurring postmortem movement, archaeologists and 

anthropologists can reconstruct the remains’ original position and could provide 

a visual comparison to determine if the movement within the grave is natural or 

due to the individual originally being buried alive. Equally, it could also help 

establish that an empty cut feature once held remains, which would be 

particularly useful for detecting primary deposition sites, as the grave will show 

evidence of soft tissue marks, suggesting the victim or victims once laid either.  

6.5 Conclusion  

The process of digging and backfilling a grave changes the stratigraphic 

sequence of a site, these alterations are irreversible. Although there is evidence 

that surface cracking caused by sedimentation changes over time, stratigraphic 

alterations remain unchanged unless the grave is disturbed. These alterations 

can be detected using geophysical prospection, from the research collated in 

section 6.3 GPR is suggested to be the most effective at locating burial sites 

across archaeology and forensics, whilst magnetometry and resistivity have 

been effectively applied to archaeological casework. However, an invasive 

approach is required to confirm the anomalies recorded by geophysical 

prospection are a mass grave. Even though probing and coring can detect 

disturbed areas of subsoil they are discouraged from being used in the UK due 

to the risk of damaging the remains, and if they are used then any potential 

damage must be recorded. The most effective and reliable invasive approach is 

that of test pits and trenching as they enable archaeologists to confirm the 

presence or absence of a mass grave and record the stratigraphy of the site 

without conducting a full excavation. However, due to its destructive nature, it is 

the last technique to be used and should be fully recorded.  
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Chapter Seven: Chemical Alterations 

A mass grave and the decomposing remains concealed within undergo 

significant chemical changes, creating a complex and unique chemical 

environment (Haslam and Tibbett, 2009; Westcott, 2018; Collins et al., 2020). 

Decomposition is a naturally occurring continuous process, which can be 

affected by abiotic and biotic factors, the number of remains in the grave, and 

the soil itself (Schotsmans et al., 2014; Szelecz et al., 2018; Westcott, 2018). 

Using both non-invasive and invasive methods, such as cadaver dogs and soil 

analysis techniques, it is possible to identify these changes. Understanding the 

effect that decomposition has on the subsoil and surrounding landscape, and 

how it changes over time can further assist archaeologists in the search for 

mass graves.  

Therefore, this chapter summarises these processes, explains how they can 

assist archaeologists in locating and understanding mass graves and explores 

the techniques that can be applied to detect these chemical alterations by 

investigating the following questions: 

• What causes chemical changes within a grave? 

• What chemical alterations take place within a grave environment? 

• How do these alterations change over time? 

• Can these alterations indicate the presence of a mass grave? 

• What techniques can detect these changes? 

• What are the advantages and drawbacks of these techniques? 

7.1 Decomposition and the causes of Chemical Alterations 

Defined as the permanent termination of the cardiovascular, respiratory, and 

nervous systems, death occurs when the body’s major organs are unable to 

obtain enough oxygen to function (Madea, 2016). Decomposition begins 

immediately after death, initially, the effects of decay happen internally and are 

only visible on the body’s surface as it progresses (Collins et al., 2020). 

Decomposition is a continuous process driven by autolysis, putrefactions, and 

many intrinsic and extrinsic factors (Mann et al., 1990; Janaway et al., 2009). 

The microenvironment created by these chemical processes has a profound 

impact on the subsoil, and the immediate vicinity of the grave (Forbes and 

Dadour, 2010; Forbes et al., 2017). If detected these chemical alterations can 
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be used to confirm the presence of a mass grave. The changes discussed 

within this section include the processes of decomposition and the biotic and 

abiotic factors which affect decomposition and alter the surrounding soil.  

7.1.1 The Stages of Decomposition  

To understand the processes of decomposition better researchers have 

categorised it into distinct successive stages (see Table 8), based on visual 

changes to the body to determine the postmortem interval (Damann and Carter, 

2014; Forbes et al., 2017; Griffiths et al., 2020; Emmons et al., 2022). The most 

widely recognised is Payne’s (1965) classification system which divides 

decomposition into six stages; fresh, bloated, active, advanced, dry and 

remains.  

Table 10: The stages of decomposition. (Information extracted from research presented by: Payne 
(1965: 595-598), Goff (1993: 85-86), Megyesi et al., (2005: 2), Powers (2005: 6), Carter et al., (2007: 

14-16), Lane Tabor Kreitlow (2010: 253-255), and Swann et al., (2010a: 10-11)). 

Stage of 
Decomposition 

Description 

Fresh/Autolysis Stage  0-2 days. 
Begins at the moment of death. 
Autolysis takes place. 
Minimal tissue changes. 
Livor, Rigor, and Algor mortis take place. 
Lack of odour. 
Ends as putrefaction starts.  

Bloated/Putrefaction 
Stage 

2-6 days. 
Putrefaction starts. 
Gases cause the body to bloat. 
Changes to skin colour. 
The odour of decay is more noticeable. 

Decay/Black 
Putrefaction Stage 

5-11 days. 
The abdominal wall ruptures causing gases to escape. 
Body deflates. 
Significant soft-tissue loss. 
Strong odour. 
The body appears moist and blackened.  

Dry/Post-decay Stage 10-25 days.  
Remains reduced to skin, cartilage, and bones. 
 

Remains/Skeletal 
Stage 

>25 days.  
Greater than 50% skeletal exposure – mainly only bones 
and hair left. 
No significant odour. 
 

 

However, decomposition is a complex and individual process affected by 

multiple variables such as temperature, season, geological location, body fat 
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content, injury, intoxication and the presence of clothing and/or wrappings, 

which can alter the rate of decay (Tsokos, 2004; Damann and Carter, 2014; 

Shedge et al., 2021). Each stage also overlaps, causing a lack of clearly 

defined start and end points (Brook, 2016). As a result, this section has been 

divided into early and late postmortem changes.  

Early Postmortem Changes 

Three key changes take place immediately after death, these are known as livor 

mortis, rigor mortis, and algor mortis (Collins et al., 2020; Saber et al., 2021; 

Almulhim and Menezes, 2022). They are classed as early changes because 

they start within the first few hours after death and end within 24 hours.  

Livor Mortis  

Livor mortis is the earliest of the three to start and is the settling of blood within 

the body (Byer, 2011; Damann and Carter, 2014). Once the heart stops beating, 

the circulation of blood also comes to a halt, due to the effects of gravity the 

blood moves towards the lowest parts of the body (Goff, 2009; Hayman and 

Oxenham, 2014; Kori, 2018; Joshi, 2021; Shedge et al., 2021; Almulhim and 

Menezes, 2022). Livor mortis or lividity appears as patches of reddish blue 

staining 30 minutes – 1 hour after death (Goff, 2009; Kori, 2018; Shedge et al., 

2021). Within 6-8 hours it becomes fixed, meaning when pressure is applied to 

an area of staining it no longer disappears (Hayman and Oxenham, 2016; Kori, 

2018; Shedge et al., 2021). 

Rigor Mortis  

Rigor mortis which is the stiffening of the muscles is the next change to begin 

(Vain et al., 1996; Prahlow and Byard, 2012; Shedge et al., 2021; Almulhim and 

Menezes, 2022). Immediately after death the body’s muscles relax, within 1-2 

hours adenosine triphosphate (ATP), which helps the muscles to relax, 

decreases causing the muscles to become stiff and rigid (Goff, 2009; Shedge et 

al., 2021; Shrestha et al., 2022). Once formed, rigor mortis lasts for 12-24 hours 

(Goff, 2009; Janaway et al., 2009; Hayman and Oxenham, 2016). As 

putrefaction (see pg. 111-112) starts, the chemicals in the muscles are 

consumed and they gradually begin to relax again (Hayman and Oxenham, 

2016; Kori, 2018; Shedge et al., 2021; Almulhim and Menezes, 2022). 
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Algor Mortis  

The final change to happen during early decomposition is algor mortis, which is 

the cooling of the body (Byers, 2011; Kori, 2018). After death, the transference 

of heat comes to a halt, as there is no heat being produced within the body 

(Shedge et al., 2021). The average temperature of a body at death is 37℃, 

within 12-18 hours the body’s temperature falls until it equilibrates with the 

surrounding environment (Clark et al., 1997; Goff, 2009; Damann and Carter, 

2014; Kori, 2018; Almulhim and Menezes, 2022). Although the time it takes is 

dependent on ambient temperature, body mass, body position, clothing/other 

coverings, and whether the remains are on the surface or buried (Madea, 

2016).  

Late Postmortem Changes  

Two processes are primarily involved with the later decomposition changes, 

these are referred to as autolysis and putrefaction (Powers, 2005; Forbes et al., 

2017; Almulhim and Menezes, 2022). They are classed as late changes 

because they happen after the initial 24 hours (Prahlow and Byard, 2012).  

Autolysis  

Autolysis is an internal chemical process caused by the body's enzymes 

(Fiedler and Graw, 2003; Carter et al., 2007; Forbes, 2008; Stadler et al., 2013; 

Hau et al., 2014; Brooks, 2016; Ioan et al., 2017). Following death, a 

spontaneous chain reaction occurs, firstly the body depletes oxygen, and then 

cell membranes break down causing the release of enzymes which self-digest 

the cells (Brooks, 2016; Wu and Liu, 2018; Shedge et al., 2021). Autolysis is 

quick and mainly affects tissues and cells with a high enzyme and water 

content, it also paves the way for putrefaction (Vass, 2001; Powers, 2005; 

Statheropoulos et al., 2005; Stadler et al., 2013; Ioan et al., 2017). 

Putrefaction  

Caused by bacterial proliferation and consumption, signs of putrefaction are 

visible on the body approximately 4-10 days after death (Brooks, 2016; Joshi, 

2021). As the cells of the digestive system break down, bacteria enter the blood 

vessels and spreads throughout the body (Powers, 2005; Shedge et al., 2021). 

At the same time, the body depletes of oxygen, causing gases to build up which 

results in the body bloating, skin discolouration, and skin slippage (Powers, 

2005; Carter et al., 2007; Goff, 2009; Stadler et al., 2013; Hau et al., 2014; 
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Marais-Werner et al., 2017; Watson et al., 2020; Shedge et al., 2021). As the 

pressure increases, putrefactive liquid and gases are purged from the body 

through orifices, such as the nose, mouth, eyes, ears, and anus (Tracqui, 2000; 

Pinheiro, 2006; Goff, 2009; Bristow et al., 2011; Hau et al., 2014; Ueland et al., 

2015; Watson et al., 2020).  

7.1.2 Biotic Factors 

Biotic factors affecting decomposition are all those relating to or resulting from 

biological organisms, such as insect activity, chemical composition, microbial 

changes, and volatile organic compounds (VOCs). Not only do these factors 

influence decomposition, but they also individually impact the soil adding to the 

complexity of the burial environment and offering valuable information about the 

location of the grave (Hoffman et al., 2009; Finley et al., 2016; Ioan et al., 2017; 

Szelecz et al., 2018). 

Insect Activity  

Under ambient conditions, insects follow a predictable pattern of colonisation on 

decomposing remains, indicating it can be used to determine the postmortem 

interval. The type and number of insects present are dependent on the body’s 

stage of decay (Rodriguez and Bass, 1983; Payne et al., 1968; Joseph et al., 

2011; Benbow et al., 2013). As can be seen in Table 9, the first flies begin to 

arrive on the body during autolysis, although their presence does not peak until 

putrefaction sets in and the odour of decay becomes more prominent (Carter et 

al., 2006; Forbes and Dadour, 2010; Lane Tabor Kreitlow, 2010). At this point, 

female flies lay eggs in the body’s orifices, once hatched the larvae feed on the 

decaying remains in large maggot masses until most of the soft tissue is gone 

(Goff, 1993; Forbes and Dadour, 2010; Lane Tabor Kreitlow, 2010). As post-

decay sets in, most of the flies and maggots have gone, allowing various 

beetles to feed on the remaining flesh, once the body enters the skeletal stage 

all that is left are mites (Lane Tabor Kreitlow, 2010: 255). Therefore, larvae 

degrade the majority of soft tissue through the secretion of enzymes and 

bacterial as they feed on the body (Forbes and Dadour, 2010). This secretion is 

likely to mix with the soil environment and could be detected when carrying out 

soil analysis on areas of interest.  
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Table 11: Breakdown of insect activity during the stages of decomposition (Information extracted 

from Lane Tabor Kreitlow, 2010: 253-255). 

Stage of Decomposition Insect Activity 

Fresh/Autolysis Stage  Blowflies and flesh flies start to appear. 

Bloated/Putrefaction Stage A peak in the number of flies, which lay eggs in the body’s 
orifices. 

Decay/Black Putrefaction 
Stage 

Larvae feed on the remains until most of the soft tissue is 
gone. 

Dry/Post-decay Stage Various beetles feed on the remaining dried-out flesh. 

Remains/Skeletal Stage Previous taxa have left, leaving only mites present.  

 

However, burying remains limits insect access to the body, meaning they are 

less likely to affect soft tissue decomposition (Mann et al., 1990; Marais-Werner 

et al., 2017; Rai et al., 2022). Nevertheless, some insects can access buried 

remains through macropores/cracks in the soil, or by laying their eggs on the 

surface of the ground so that the larvae can burrow down to the bodies once 

they have hatched (Rodriguez and Bass, 1985; Smith, 1986; Vanlaerhoven and 

Anderson, 1999; Szpila et al., 2010; Gunn and Bird, 2011; Corrêa et al., 2014; 

Rysavy and Goff, 2015). Although this is dependent on the depth of the grave 

because the deeper the grave the less likely the odour will penetrate through to 

the surface (Rodriguez and Bass, 1985). There is also currently limited 

knowledge on how far insects will travel to colonise buried remains (Rai et al., 

2022: 606). The presence of insect activity within a grave also indicates how 

many days it took for the victims to be buried, this can be seen in Case Study 

WWI (pg. 27-28), fly pupae found in the grave showed the bodies were buried 

5-10 days after the battle took place. This information enables archaeologists to 

determine if the bodies were buried immediately or if they were left and buried 

at a later date. 

Chemical Composition 

During decomposition, the body's lipids, proteins, and carbohydrates are 

degraded into simpler molecules which are released into the soil in the form of 

decomposition fluid (Dent et al., 2004; Statheropoulos et al., 2005; Boumba et 

al., 2008; Janaway et al., 2009; Stuart, 2013; Ueland et al., 2015). These 

molecules are nitrogen, carbon, phosphorus, potassium, and magnesium, which 

form a nutrient-rich island around the remains and impact the vegetation and 

organisms residing in the soil (Dent et al., 2004; Carter et al., 2007; Benninger 

et al., 2008; Forbes, 2008; Szelecz et al., 2014; Szelecz et al., 2016). They also 



114 
 

cause detectable changes in the total carbon, nitrogen, soil-extractable 

phosphorous, and lipid phosphorus levels found in the soil (Benninger et al., 

2008; Larizza and Forbes, 2013; Ioan et al., 2017). 

Experimental research carried out by Benninger et al., (2008) compared soil 

containing pig cadavers with controlled soil to determine if these changes were 

detectable. Their results indicated no significant differences between the grave 

soil and control soil for the levels of total carbon, whilst the total nitrogen and 

lipid-phosphorus results initially increased but by day 100 had returned to base 

levels (Benninger et al., 2008: 72-73). Whereas, the soil-extractable phosphorus 

results like the total nitrogen and lipid-phosphorus increases in the grave soil 

but did not return to base levels by day 100 (Benninger et al., 2008: 73). These 

findings support the research of Provan (1971: 48) who suggested that 

phosphorus accumulates in the soil and may be detectable for thousands of 

years. Therefore, changes in the chemical composition of the soil could be used 

to detect the presence of both archaeological and forensic mass graves, 

particularly when analysing soil-extractable phosphorus. 

Typically, in archaeological casework, if the chemical composition of the soil is 

considered then it is an increase in phosphorus levels that is used to indicate 

the presence of archaeological human remains (Farswan and Nautiyal, 1997). 

Phosphorus one of the main elements of bone, leaches into the soil during 

decomposition and binds to other elements, such as calcium, iron and 

aluminium, which form a stable inorganic compound (Kolb, 2016: 18; García-

López et al., 2022: 7). Research conducted by García-López et al., (2022) 

established that phosphorus could be detected in two post-Roman burials. 

Nevertheless, Pickering et al., (2018) research on the retention of 

decomposition molecular information from a Roman grave, Anglo-Scandinavian 

grave, and control samples, indicated that other organic signatures can survive 

and could be detected.  

Microbial Changes 

Microbes or microorganisms is the collective term for bacteria and fungi 

(Janaway, 1996). Bacteria naturally reside within the human body and the soil. 

Its growth is dependent on the availability of food, moisture, pH, temperature 

and oxygen (Forbes and Dadour, 2010). To survive and reproduce, soil bacteria 

require moisture, which means in dry soils microbial activity decreases, whilst, 
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in moist soils, it increases (Janaway, 1996). Fungi, however, only occur within 

the soil and require organic matter such as dead plants, animals and human 

remains to grow and develop, it also produces enzymes that aid with the 

degrading of decomposing remains (Forbes and Dadour, 2010).  

Decomposing bodies both alter and are affected by the naturally occurring 

microbes found in the soil (Carter and Tibbett, 2003; Carter et al., 2010; Pechal 

et al., 2013; Cobaugh et al., 2015; Damann et al., 2015; Hauther et al., 2015). 

The increase in maggot activity and the purging of decomposition fluids causes 

a chain reaction to occur, as the level of soil nutrients increases, so does the 

soil microbial biomass (Carter et al., 2007; Forbes and Dadour, 2010). Whilst 

there is variability in microbial makers across different graves, soil microbes 

interact with buried remains around 24 hours after deposition (Pickering et al., 

2018). Research by Metcalf et al., (2015) suggests that this is because soil 

microbes mediate decomposition, as they become very similar to decomposition 

microbes. 

Volatile Organic Compounds  

As the body decomposes odours made up of chemical compounds known as 

volatile organic compounds (VOCs) are released, which change as 

decomposition progresses (Vass, 2012; Caraballo, 2014; Rosier et al., 2016; 

Dargan and Forbes, 2021). These changes are a result of cellular degradation, 

microbial activity, the breakdown of complex molecules, and insect and larvae 

activity (Westcott, 2018; Dargan and Forbes, 2021). Many studies have been 

conducted which have identified numerous VOCs associated with decomposing 

remains, such as Statheropoulos et al., (2005), Vass et al., (2008), Hoffman et 

al., (2009), Rosier et al., (2015), Stefanuto et al., (2017) and Glavaš and Pintar 

(2019). Research carried out by Vass et al., (2008) determined that there are 

478 individual VOCs produced during decomposition. VOCs are what attract the 

flies to the remains (Paczkowski et al., 2012; Westcott, 2018). Temperature and 

humidity influence the profile of the VOCs released during the putrefaction 

process, however, the effect they have on the breakdown of proteins and 

carbohydrates, microorganisms and insects which colonise the body is not yet 

understood (Vass et al., 1992; Vass et al., 2002; Statheropoulos et al., 2005). 

Thus, there is a need for further research to determine how the odour profile 
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changes in different situations and during the different stages of decomposition 

(Westcott, 2018). 

7.1.3 Abiotic Factors 

Abiotic factors are physical rather than biological, this means it is the 

characteristics of the burial environment which affect decomposition and the 

soil; these factors include soil pH, temperature, and moisture content 

(Henderson, 1987; Vass et al., 1992; Gill-King, 1997; Vass et al., 2002; Vass et 

al., 2008; Larizza and Forbes, 2013; Szelecz et al., 2018; Westcott, 2018).  

Moisture Content  

The moisture content present within the soil is considered a primary factor in the 

rate of decomposition in buried remains. The presence of water in the soil can 

create a cooler, anaerobic (oxygen-free) environment, which slows down the 

rate of decomposition (Ayers, 2010). It could also result in the formation of 

adipocere, a layer of waxy decomposition produce that forms over the body 

when bacteria are unable to completely break down lipids (Mellen et al., 1993). 

However, research conducted by Carter et al., (2010) found that the moisture 

content in the soil can increase microbial activity potentially speeding up the 

rate of decomposition because it aids with microbial mobility and the diffusion of 

nutrients and waste.  

During decomposition water from decaying soft tissue either collects around the 

body or becomes part of the soil moisture content, this suggests that when 

tested the moisture content of the grave fill is likely to be higher than the 

surrounding soil (Vass, 2011). However, research carried out by Benninger et 

al., (2008) established that there was no significant increase in the soil moisture 

content when comparing grave soil with control soil. Although the moisture 

content of a mass grave is likely to be higher than a single grave, this research 

suggests that testing the soil moisture content is unlikely to be a viable way of 

confirming the presence of a grave.  

Soil pH 

Soil pH has a major impact on buried remains and soil microbes, as it 

influences the chemical reactions taking place during decomposition, and 

fluctuations in soil temperature (Alexander, 1980; Neher et al., 2003; Hansel et 

al., 2008; Westcott, 2018). Decomposition fluid also affects the pH levels in the 
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soil, initially causing it to become more basic and then decreasing to become 

more acidic (Rodriguez and Bass, 1985; Vass et al., 1992; Benninger et al., 

2008; Haslam and Tibbett, 2009; Bachmann and Simmons, 2010; Schotsmans 

et al., 2011; Schotsmans et al., 2012; Szelecz et al., 2018; Silva-Bessa et al., 

2022). 

Carter et al., (2008) establish that regardless of the basal pH, graves containing 

cadavers increase to a pH of 8/8.1. This reaction has been attributed to 

ammonium, a by-product of amino acids which is released during the bloating 

and active stages of decay (Hopkins et al., 2000; Wilson et al., 2007; Szelecz et 

al., 2018). Soil pH then decreases to a pH of 6 or below as the anaerobic 

bacterial in the intestinal tract and acidic by-products are released (Vass et al., 

1992; Gill-King, 1997; Forbes and Dadour, 2010; Swann et al., 2010; Swann et 

al., 2010b). These steady fluctuations can be seen in Benninger et al., (2008) 

experiment comparing grave soil alongside a controlled site. They found that 

soil pH increased on days 14 and 23, then decreased to become lower than the 

control site on day 43, and then dropped further on days 72 and 100 (Benninger 

et al., 2008). Archaeologically, devices such as a pH probe are already used to 

locate buried habitation sites and funeral pits (Rodriguez and Bass, 1985: 851). 

Whilst the findings presented here suggest changes in pH could be detected in 

a mass grave over an extended period, further longer-term research is required 

to determine at what point the soil returns to/does it return to its basal levels.  

Temperature 

Soil temperature plays a significant role in taphonomy because of its direct 

effect on autolysis and putrefaction, as increases in temperature speed up 

decomposition, whilst decreases in temperature slow it down (Junkins and 

Carter, 2017). Higher temperatures increase microbial activity and biological 

and chemical reactions which break down the body into its chemical 

compounds that then enter the soil (Carter and Tibbett, 2008; Carter et al., 

2008). However, the effect decomposition has on the soil temperature is very 

limited (Prangnell and McGowan, 2009). Therefore, further research is needed 

to determine if decomposition alters the soil temperature and how long this 

reaction is detectable. 
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7.1.4 Decomposition within a Mass Grave 

The process of decomposition in buried and surface remains is the same. As 

the body/bodies decay, decomposition fluid leaks into the soil environment, 

creating a cadaver decomposition island (CDI) (Carter et al., 2007). A CDI is a 

nutrient-rich island around the remains, which appears as a dark stain, it is also 

so rich that it kills the surrounding vegetation, and is associated with increased 

soil microbial biomass and activity (Carter et al., 2007; Benninger et al., 2008; 

Aitkenhead-Peterson et al., 2012; Larizza and Forbes, 2013).  

Whilst the process is the same, the rate of decomposition is often very different 

and is considered to be approximately eight times slower when the remains are 

buried (Rodriguez, 1997; Vanlaerhoven and Anderson, 1999; Schotsmans et 

al., 2012; Corrêa et al., 2014). This is because bodies on the surface are 

exposed to a greater number of variables, such as scavenger, insect activity, 

temperature and weather fluctuations which cause greater destruction to soft 

tissue and accelerate decomposition (Mann et al, 1990; Rodriguez, 1997; 

Fiedler and Graw, 2003; Troutman et al., 2014; Marais-Werner et al., 2018). 

Due to this, Marais-Werner et al., (2018: 302) believe the stages of 

decomposition do not always accurately describe the decomposition process 

because under different conditions the patterns and speed change.  

Decomposition rates are also different when comparing single and mass 

graves. A mass grave contains a dense body mass, rather than a single body, 

creating a unique depositional environment and microenvironment (Haglund, 

2002; Troutman et al., 2014). Casework in Bosnia (see Case Study F3 (pg. 26) 

for example) has demonstrated that remains will appear to be at different stages 

of decomposition; the bodies at the centre of the mass grave be more 

preserved than the ones at the outer edge (Mant, 1987; Haglund, 2002; 

Troutman et al., 2014). This effect is created because the central bodies 

produce their taphonomic environment as they are isolated from the 

surrounding soil, and can trap in moisture such as decomposition fluids which 

help to preserve them (Haglund, 2002). Whereas, the remains at the edge 

connect two taphonomic boundaries, the body mass and the surrounding soil, 

causing them to decompose faster than the centre of the mass because they 

are exposed to factors within the soil (Mant, 1950, Haglund, 2002).    
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Research carried out by Troutman et al., (2014) highlights this, in their 

experiment, the rabbit carcasses at the centre of the mass decomposed at a 

much slower rate than those at the edge, except for the remains at the base of 

the grave. This slower rate of decomposition suggests that physical, 

stratigraphic, and chemical alterations may be present for longer than those of 

single burials. It could also mean archaeologists may come across a confusing 

grave context, as they may find both flesh and skeletal remains.   

7.2 Cadaver Detection Dogs  

The use of dogs aiding with forensic casework in the UK can be dated back to 

1888 when two bloodhounds were unsuccessfully used during the case of Jack 

the Ripper (Blum, 2017). Whilst the first reported use of cadaver detection dogs 

(CDD) was in the 1960s when investigators were searching Saddleworth Moor 

for the bodies of Ian Brady and Myra Hindley’s murder victims (Topping and 

Ritchie, 1989). Two bodies were discovered during the initial search, with an 

additional two bodies found when the case was reopened in the 1980s (Buis, 

2016). Since then, dogs have aided forensic investigations, search and rescue 

teams, the military, private corporations, and the emergency services with the 

detection of missing persons, homicides, biological specimens, explosives, 

narcotics, flammable liquids, money, and other contraband (Komar, 1999; 

Lasseter et al., 2003; Ensminger and Papet, 2012; Buis et al., 2019). This is 

because they have a sense of smell between 10,000 and 100,000 times more 

powerful than that of a human (Walker et al., 2006; Sankaran et al., 2012). 

Making them capable of detecting the smell of most of the aforementioned, in 

both soil and water, without the presence of visual clues (Alexander et al., 2015; 

Glavaš and Pintar, 2019). 

7.2.1 Forensic Casework 

CDDs are typically called on to search a designated area, with the focus of 

finding human remains, such as building sites, crash sites, potential crime 

scenes, and archaeological sites (Glavaš and Pintar, 2019). They are trained to 

locate and indicate the strongest concentration of human-specific odour at 

various stages of decomposition and in different geological settings (Alexander 

et al., 2016). It is thought that when searching for deceased individuals, CDDs 

detect VOCs which specific to human decomposition odour profiles (Stejskal, 

2013; Westcott, 2018; Glavaš and Pintar, 2019). However, it is unknown 
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whether they respond to the complex combinations of VOCs or core VOCs, 

making it hard to standardise CDD training (Stadler et al., 2012; Dargan and 

Forbes, 2021). As such, determining human-specific compounds present during 

decomposition will aid in the development of training aids for CDDs and the 

development of detection instrumentation (Westcott, 2018).  

7.2.2 Archaeological Casework 

CDDs are rarely used to detect buried remains classed as archaeological, thus 

associated research is also limited. Nevertheless, Glavaš and Pintar (2019) 

argue that human decomposition odour can be preserved in the soil for several 

millennia and as such can be used to locate archaeological remains. 

Grebenkemper et al., (2021: 228) back this view, stating that dogs trained to 

detect historic remains can smell the scent of decomposition even if the remains 

are no longer present. Research recorded by Pototschnig (2013), Baxter and 

Hargrave (2015), Glavaš and Pintar (2019), and Grebenkemper et al., (2021) 

advocate the use of CDDs in archaeological casework, although their results 

show varying success. Firstly, Baxter and Hargrave (2015: 41) used CDDs in 

Clements Cemetery, where the earliest gravestones dated to 1810-1820 to 

locate unmarked graves within a group of known graves. Whilst Glavaš and 

Pintar (2019) used them to find an Iron Age site in Cyprus. Finally, 

Grebenkemper et al., (2021) used them to locate potential ancestral burials at 

Native American archaeological sites without disturbing the ground. Each of 

these case studies claims to have had some success in the use of CDDs for 

finding archaeological grave sites. However, Pototschnig's (2013) use of CDDs 

to find World War Two mass graves in Austria was unsuccessful in finding the 

graves. At present, there is a lack of evidence and research into using CDDs in 

archaeological casework, more substantial research is needed before it is 

possible to say, with certainty, that they can be used to find archaeological 

mass graves.  

7.2.3 Experimental Research 

Vass et al., (2008) determined that for the first 17 days after burial, no VOCs 

are detected at the surface of the grave; this means CDDs will not alert even if 

there is a grave present in the area. Odour profiles can also change until they 

no longer represent decomposition, causing a false negative response from the 

CDDs (Buis et al., 2019). Soil type may also affect the CDD's ability to detect 
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decomposition gases, as sandy soil aids detection, whilst clay soil prevents 

odours from escaping making them less detectable (Alexander et al., 2016). As 

such, CDDs should be exposed to the widest variety of odour profiles during 

their training to enhance their ability in the field (Buis et al., 2019).  

7.3 Thermal Imaging 

Thermal imaging collects and displays thermal patterns emitted by objects 

without requiring visual light, and enables the possibility to differentiate between 

two objects with as little as ≤0.1oC temperature difference (Vollmer and 

Möllmann, 2010; DesMarais, 2014; Amendt et al., 2017). This ability to detect 

even the slightest temperature increase means infrared thermography can pick 

up the heat signatures of human remains (France et al., 1992; Killam, 2004; 

Geberth, 2006; Lee et al., 2018). However, as discussed previously, algor 

mortis causes the human body temperature to decrease rapidly following death 

until it becomes equal with the surrounding environment. Thus, thermal imaging 

can only be used to detect remains for a short time after death (Lee et al., 

2018).  

Nevertheless, research suggests that larval masses generate a substantial 

amount of heat, which can exceed ambient temperatures depending on the time 

of year (Payne, 1965; Rodriguez and Bass, 1985; Goodbrod and Goff, 1990; 

Anderson and Vanlaerhoven, 1996; Joy et al., 2006; Slone and Gruner, 2007). 

Although available research is limited, it shows that heat signatures from larval 

masses were more prominent during active decay and then decreased as the 

larvae disperse as the remains become dry (Anderson and Vanlaerhoven, 

1996; DesMarais, 2014; Lee et al., 2018). This provides a window of opportunity 

to aid with searching for and locating remains, however, environmental 

conditions, such as if they remain on the surface or buried, geographical 

regions and the time of year need to be considered (Voss et al., 2011). 

Contrastingly, buried remains are likely to heat up/cool down the surrounding 

soil slower than those on the surface and can therefore be detected using 

different thermography which observes soil temperature anomalies (Davenport, 

2017; Silván-Cárdenas et al., 2021). The thermal recording of the soil at a mass 

grave will likely be greater than the surrounding soil due to the number of 

bodies interred within, and therefore, thermal imaging has the potential to be 

used across forensics and archaeological casework.  
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7.4 Soil Analysis  

Soil analysis methods are used regularly in both archaeology and forensics, as 

it is often considered the starting point of detecting biochemical changes within 

the soil, which could be a sign of a grave being present (Vranová et al., 2015). 

Whilst there are multiple analytical methods available, this section explores two: 

gas chromatography and mass spectrometry.  

7.4.1 Gas Chromatography 

Two-dimensional gas chromatography (GC x GC)  is the most commonly used 

analytical technique for detecting VOCs, and biotic and abiotic factors 

(Stefanuto et al., 2017; Dubois et al., 2018). It uses two separate dimensions, 

connected, to increase the separation power and improve target analysis 

(Brasseur et al., 2012; Dekeirsschieter et al., 2012; Stadler et al., 2013; Gruber 

et al., 2016; Stefanuto et al., 2017). Allowing for reliable and rapid chemical 

identification, and characterisation of complex odour profiles in suspected 

decomposition sites (van den Bogaard et al., 1986; Hordijk et al., 1990; Manni 

and Caron, 1995; Willig et al., 2004; Gruber et al., 2016; Prebihalo et al., 2018). 

7.4.2 Mass Spectrometry 

Often used hand-in-hand with GC x GC, mass spectrometry (MS) is used to 

identify organic molecules released during decomposition (Colombini and 

Modugno, 2009; Dubois et al., 2018). MS is a widely used technique, which can 

accurately measure molecular mass by separating charged atoms and 

molecular fragments into smaller components (Tamara et al., 2022). 

7.4.3 Soil Analysis and Mass Graves 

By detecting chemical compounds and VOCs associated with decomposition, 

the aforementioned GC-MS techniques can be used to further pinpoint the 

location of a mass grave. However, despite progress being made in terms of 

individual soil methods, at present, the impact each has on the other is not yet 

fully understood and needs more research.  

7.5 Conclusion 

Chemical changes within a grave are caused by decomposition and the 

associated biotic and abiotic factors. A mass grave creates a very unique 

environment, largely due to the volume of remains within the body mass, 

causing the remains in the centre to decompose at a slower rate. This has the 



123 
 

potential to elongate the decomposition process, making certain factors like pH, 

temperature and chemical changes present for longer. Chemical alterations in 

forensic mass graves can be detected successfully using cadaver dogs, 

however, further research is needed before it is possible to argue that it has the 

same efficacy when searching for archaeological mass graves. Likewise, 

thermal imaging also has the potential to locate archaeological and forensic 

mass graves, but further research is needed. Finally, GC x GC and MS can be 

used to successfully detect VOCs and biotic and abiotic factors associated with 

decomposition across the archaeological and forensic spectrum.  
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Chapter Eight: Key Findings  

This chapter presents the key findings from the previous chapters in the form of 

tables showing which taphonomic signatures can be present in archaeological 

and/or forensic mass graves. It also sets out to highlight the most effective 

methods for locating these signatures and mass graves across both types of 

casework.  

8.1 Taphonomic Signatures  

Below are three tables which show which physical, stratigraphic, and chemical 

alterations are present in archaeological and/or forensic mass graves.  

Table 12: Physical alterations that can be identified in mass graves across archaeological and 
forensic casework. 

Physical Alterations 

Alteration Archaeology Forensic Comment 

Human Disturbance ? ✓ No known archaeological case 

Vegetation Changes 
? ✓ 

Harder to identify in 
archaeological casework 

Pollen and Spore 
Analysis 

✓ ✓ 
 

Compression/ 
Depressions 

✓ ✓ 
Harder to identify in 
archaeological casework 

 

Table 13: Stratigraphic alterations that can be identified in mass graves associated with 
archaeological and forensic casework. 

Stratigraphic Alterations 

Alteration Archaeology Forensic Comment 

Disturbed 
Stratigraphy 

✓ ✓ 
 

Sedimentation ? ✓ No known archaeological case 

Internal Compaction ? ✓ No known archaeological case 
 

Table 14: Chemical Alterations detectable in archaeological and forensic mass graves. 

Chemical Alterations 

Alteration Archaeology Forensic Comment 

Chemical 
Composition 

✓ ✓ 
 

Insect Activity ✓ ✓  

Microbial Changes  ? ✓ No known archaeological case 

VOCs ? ✓ Further research needed 

Moisture Content   No detectable change occurs 

Soil pH ? ✓ Potential for long-term change 

Soil Temperature 
 ✓ 

Short-term can be seen in 
forensic graves 
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8.2 Techniques for Locating Taphonomic Signatures 

Below are three tables highlighting which techniques can be applied when 

attempting to locate mass graves during archaeological and/or forensic 

casework. It covers desk-based assessments alongside non-invasive and 

invasive approaches.  

Table 15: Desk-based assessment techniques which can be applied to archaeological and/or 
forensic casework. 

Desk-Based Assessment 

Technique Archaeology Forensic Comment 

Witness-Led 
Approach 

? ✓ 
Could use diaries, letters, 
commentaries and chronicles 
from the time if they exist 

Cartographics ✓ ✓  

Historical Records  ✓ ? 
Depends on if forensic 
casework is recent or a cold 
case 

Aerial Images ? ✓ From WWI onwards 

Ground-level Images ? ✓ From WWI onwards 
 

Table 16: Techniques for identifying physical alterations associated with mass graves. 

Physical Alterations 

Technique Archaeology Forensic Comment 

Visual Foot Search ✓ ✓  

GIS ? ? Further research needed 

LIDAR ✓ ? No forensic example at present  

Multispectral 
Imaging 

✓ ✓ 
 

Hyperspectral 
Imaging 

✓ ✓ 
 

Near-Infrared 
Imaging 

? ? 
Potential but further 
experimental research needed 

Structure from 
Motion 

? ? 
Potential but further 
experimental research needed 

 

Table 17: Techniques for identifying stratigraphic alterations associated with mass graves. 

Stratigraphic Alterations 

Technique Archaeology Forensic Comment 

Magnetometry/Gradiometer ✓ ? Dependent on location 

Gravity Surveying    

GPR ✓ ✓  

Electromagnetic Surveying ? ? Further research needed 

Resistivity ✓ ✓  

Metal Detecting ✓ ✓ Detects burial items  

Soil Probing ? ? 
Accidental disturbance 
needs recording 

Soil Coring ✓ ✓ 
Accidental disturbance 
needs recording 

Test Pit/Trenching ✓ ✓  
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Table 18: Techniques for identifying chemical alterations associated with mass graves. 

Chemical Alterations 

Technique Archaeology Forensic Comment 

Cadaver Dogs ? ✓ 
More archaeological research is 
needed 

Thermal Imaging  ✓ 
Can be used for a very recent 
grave only 

Gas 
Chromatography 

✓ ✓ 
 

Mass Spectrometry ✓ ✓  

 

8.3 Summary of Findings 

These tables show a range of physical, stratigraphic and chemical alterations 

which occur when a mass grave is created. They have the potential to be 

detected regardless of whether the grave is archaeological or forensic. They 

also show that many of the ‘locating techniques’ are also compatible across the 

two fields.  

 

  



127 
 

Chapter Nine: Discussion 

This chapter discusses the findings of this research project in conjunction with 

the overall research question, aims, and objectives, by answering the following 

questions: 

• What taphonomic signatures do mass graves create? 

• What is their effect on the subsoil and surrounding landscape? 

• What techniques are most effective for identifying these signatures? 

9.1 Taphonomic Signatures of a Mass Grave 

The key findings tables presented in Chapter 8, Section 8.1 (pg. 124) highlight 

that forensic mass graves could show signs of human disturbance, vegetation 

changes, pollen and spores, soil compression/depressions, disturbed 

stratigraphy, sedimentation, internal compaction, chemical composition 

changes, insect activity, microbial activity, VOCs, pH and temperature changes. 

Whilst archaeological mass graves could exhibit vegetation changes, pollen and 

spores, soil compressions/depressions, chemical composition changes, and 

insect activity. They may also present signs of human disturbance 

sedimentation, internal compaction, microbial changes, VOCs and soil pH 

changes; however, there are currently no known archaeological exemplars and 

further research is needed to confirm this. Finally, the findings table shows that 

changes in the moisture content of the soils are not detectable.  

9.2 The Effects Taphonomic Signatures have on the Subsoil and 

Surrounding Landscape  

Mass graves create taphonomic signatures that leave visual, subsoil and 

chemical traces within the soil and surrounding landscape, which archaeologists 

can use to identify their presence. 

9.2.1 Visual Traces  

Visual traces refer to those taphonomic signatures which are visible on the 

surface, either on or near the grave. These signatures are evidence of human 

disturbance, vegetation disturbance, surface depressions, and sedimentation.  

Human disturbances refer to the presence of footprint impressions, tool marks, 

and heavy machinery tracks left near the grave and along access routes. The 

identification of these impressions enables archaeologists to develop a clearer 
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understanding of how the grave was dug, the type of equipment used, and the 

potential number of perpetrators (Morse et al., 1983; Hochrein, 1997; Dupras et 

al., 2012; Hunter, 2014; Evis et al., 2016). They also suggest how much 

planning and forethought went into the digging of the grave, and indicate if the 

grave has been disturbed, as the site is likely to have two different types of 

prints or cut marks in the soil if the grave was dug twice. Although tool marks 

and machine tracks are recorded during forensic investigations and are used as 

evidence, they are often overlooked during archaeological casework. Hochrein 

(2002) and Hanson (2004) argue that archaeologists believe these marks do 

not survive the process of time. Despite this, it is possible to see these kinds of 

marks years after the grave was created, particularly in clay soils (Hanson, 

2004; Dupras et al., 2012; Hunter, 2014). The identification of tool marks in 

archaeological mass graves could provide insight into the time, manpower, and 

equipment used, as they would have been created manually rather than with 

heavy machinery.  

The digging and backfilling of a mass grave also alter the vegetation over the 

grave and within the immediate vicinity because it damages and/or destroys the 

existing vegetation (Wright et al., 2005). Providing archaeologists with a clear 

visual marker, unless the area is deliberately concealed, as it will initially appear 

bare until the vegetation recovers. Nevertheless, even after sufficient time has 

passed, archaeologists can still use vegetation changes as an indicator that a 

mass grave is present. Firstly, the aerated soil provides better drainage, aiding 

vegetation regrowth because the roots can spread with ease and not become 

waterlogged. Secondly, increases in mineral and nutrient concentration, caused 

by decomposition, can also stimulate regrowth. Therefore, the vegetation over 

and immediately surrounding the mass grave will appear healthy and more 

abundant than those further from the grave. However, this change in mineral 

and nutrient levels can also have the opposite effect, as increases in 

concentration can kill vegetation. The invasiveness of digging a grave also 

potentially damages and/or restricts root systems causing vegetation regrowth 

to decrease (Bajerlein et al., 2015; Ruotsala, 2020). This damage provides 

archaeologists with further visual means of identifying the grave because there 

will be signs of broken, bent and/or trampled vegetation. Marks created by 

heavy machinery and tools such as spades or mattocks may also be visible on 
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tree roots and trunks closely situated to the grave, the scars of which could 

remain visible long after the area has recovered (Willey and Heilman, 1987; 

Bock and Norris, 1997). Although the varied vegetation response can be 

challenging to interpret, due to every environment being so different, these 

changes can be used to signify the presence of a mass grave, particularly in 

forensic casework. Whilst this can also be applied to archaeological casework, 

these indicators will be harder to identify.  

Disturbance to the vegetation leaves invisible traces. Pollen and spore analysis 

can remain preserved in the landscape and subsoil for many years after the 

grave was created. This is because they are extremely resistant to biological, 

chemical and mechanical degradation (Mildenhall et al., 2006; Walsh and 

Horrocks, 2008; Alotaibi et al., 2020). Suggesting that long after the vegetation 

has recovered, pollen and spore analysis could take place across forensic and 

archaeological casework. Due to their small grain size, pollen and spores can 

be easily transferred between one area and another, therefore, through 

analysis, they can establish links between evidence, crime scenes, burial sites, 

suspects and the victims (Walsh and Horrocks, 2008; Alotaibi et al., 2020). As 

such, pollen and spore analysis has already been successfully used to link 

primary and secondary graves, including during the investigation into the mass 

graves connected to the Srebrenica massacre (Long, 2006). However, there is 

a lack of complete information on where different plants are located, and the 

techniques which can be used to collect pollen and spore samples necessary to 

conduct an investigation (Alotaibi et al., 2020). One notable reference 

containing thorough information on pollen analysis is by Moore et al., (1991), 

nevertheless, archaeologists would either need to be trained within the field of 

palynology or a specialist brought in for this technique to be used, particularly in 

forensic casework. 

Finally, the settling of soil within the mass grave creates a visible depression 

within the landscape. This can be identified through the formation of cracking 

around the perimeter of the grave caused by the fill pulling away from the grave 

walls (Morse et al., 1983). Further cracking on the grave's surface is also 

caused by sedimentation (Morse et al., 1983; Hochrein, 2002a; Dupras et al., 

2012). Although it is possible to identify forensic graves with these signatures, 
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there is currently no known archaeological example or experimental research to 

suggest how long these signatures remain present in the landscape.  

9.2.2 Subsoil Traces 

Subsoil traces refer to the taphonomic signatures that take place within the soil 

of the grave, these signatures are disturbed stratigraphy, internal compaction, 

natural postmortem movement and insect activity. 

Digging a grave disturbs the underlying stratigraphy, as it cuts through the 

strata, permanently interrupting and mixing the removed soil, the subsequent 

backfilling then causes the formation of new layers and surfaces (Hochrein, 

2002a; Evis et al., 2016; Holland and Connell, 2016). This disturbance creates 

long-lasting signatures in the subsoil as it is an irreversible process, that can 

only be altered rather than returned to its original state (Harris, 1979a). This 

disturbed soil will also visually appear different to the undisturbed soil as the 

mixing of the different layers causes the colour and density to change. 

Archaeologists can use these features to determine the location of a mass 

grave in both archaeological and forensic casework.  

Internal compaction is caused by the movement of a victim buried alive, 

creating compaction on either side of the legs and a mountain-like pile of soil 

above the knees (Wood, 1994; Hochrein, 2002a: 62). Whilst there is a single 

documented forensic case which shows evidence internal compaction, the case 

in question is that of the 1988 serial killer Dorothea Montalvo Puente, there is 

no known archaeological example. Whereas natural postmortem movement is 

caused by the opening of voids within the grave, as the body decomposes, 

voids are created that the remains shift into leaving an impression in the soil of 

where the used to be (Mickleburgh et al., 2022: 560).  

Finally, insect colonisation of decomposing bodies under ambient conditions 

follows a predictable pattern, which can be used to determine the post-mortem 

interval as the type of insect present is dependent on the stage of decay 

(Rodriguez and Bass, 1983; Payne et al., 1968; Joseph et al., 2011; Benbow et 

al., 2013). This means it can be used to identify how long after death the bodies 

were buried. 

However, internal compaction, natural postmortem movement and insect 

colonisation cannot be used to identify the location of the mass grave. Instead, 
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they can be picked up during the excavation of a test pit or trench, when 

archaeologists confirm that the presence of subsurface anomalies is a mass 

grave. Although it is more likely that they will not be discovered until a full 

excavation is conducted.  

9.2.3 Chemical Traces 

Chemical traces refer to the taphonomic signatures that chemically alter the 

soil, these signatures are chemical composition, microbial changes, VOCs, soil 

moisture content, pH and temperature.  

Decomposing remains alter the chemical composition of the soil, decomposition 

fluid released by the bodies contains nitrogen, carbon, phosphorus, potassium 

and magnesium (Dent et al., 2004; Statheropoulos et al., 2005; Carter et al., 

2007; Benninger et al., 2008; Boumba et al., 2008; Forbes, 2008; Janaway et 

al., 2009; Stuart et al., 2013; Szelecz et al., 2014; Ueland et al., 2015; Szelecz 

et al., 2016). This release of nutrients creates a nutrient-rich island around the 

remains, which impacts both the vegetation and the organisms residing in the 

soil (Dent et al., 2004; Carter et al., 2007; Benninger et al., 2008; Forbes, 2008; 

Szelecz et al., 2014; Szelecz et al., 2016). These changes can be detected and 

used to confirm the presence of a mass grave, however, most of these 

changes, i.e. total carbon and nitrogen, are only present up to 100 days from 

decomposition starting (Benninger et al., 2008: 72-73). Suggesting they can 

only be detected in forensic casework rather than archaeological casework. 

Nevertheless, phosphorus is regularly tested in archaeological work to indicate 

the presence of human remains (Farswan and Nautiyal, 1997). García-López et 

al., (2022) research confirms this, as they were able to detect increased 

phosphorus levels in two post-Roman burials. Therefore, it can be used to 

detect and confirm the presence of both archaeological and forensic mass 

graves.  

Decomposition also alters and is affected by the microbes that live within the 

soil (Carter and Tibbett, 2003; Carter et al., 2010; Pechal et al., 2013; Cobaugh 

et al., 2015; Damann et al., 2015; Hauther et al., 2015). Metcalf et al., (2015) 

suggest that soil microbes act as a mediator, which means they become very 

similar to decomposition microbes found within the body. They respond to the 

decomposing remains within 24 hours of deposition, thus when the soil is tested 

using GCxGC-MS, the presence of microbial activity provides archaeologists 
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with another indicator that a mass grave is present. However, currently, it is not 

known how long microbial changes last, therefore, it could be used to indicate 

the presence of a recently created forensic mass grave but further research is 

needed before it can be considered as a way of identifying the presence of an 

archaeological mass grave.  

VOCs make up the odour released during decomposition and change as the 

body progresses through the stages of decay (Vass, 2012; Caraballo, 2014; 

Rosier et al., 2016; Dargan and Forbes, 2021). There are 478 VOCs produced 

during decomposition, 30 of which are unique to decomposing human remains 

(Vass et al., 2008). This means that they can be used to detect forensic mass 

graves either through the use of CDDs or using GC-MS. However, further 

research is needed to determine how the odour profile changes over time and 

how long it remains detectable.  

Regardless of what the soil pH base levels are, decomposition fluid causes it to 

initially become more basic and then decrease to be more acidic (Rodriguez 

and Bass, 1985; Vass et al., 1992; Benninger et al., 2008; Haslam and Tibbett, 

2009; Bachmann and Simmons, 2010; Schotsmans et al., 2011; Schotsmans et 

al., 2012; Szelecz et al., 2018; Silva-Bessa et al., 2022). This alteration can be 

detected in forensic mass graves using pH probes. Although the efficacy of 

these probes and this approach has not yet been tested in archaeological 

casework. Therefore, further longer-termed research is required to determine at 

what point the soil returns to, or whether it returns to its original levels.  

Finally, whilst temperature increase speeds up decomposition and temperature 

decrease slows it down, knowledge of how decomposition affects the 

temperature of the soil has not been researched (Prangnell and McGowan, 

2009; Junkins and Carter, 2017). Again further research is needed to determine 

if decomposition alters the soil temperature and how long this reaction is 

detectable.  

9.3 Locating Techniques  

The key findings tables presented in Chapter 8, Section 8.2 (pg. 125-126) 

demonstrate that forensic mass graves could be located using a witness-led 

approach, cartographics, aerial and ground-level images, visual foot search, 

multispectral imaging, hyperspectral imaging, GPR, EM surveying, resistivity, 
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metal detecting, probing, coring, test pits/trenching, CDDs, thermal imaging, 

GC, and MS. They may also be detected using historical records, GIS, near-

infrared, structure from motion, and LiDAR, however, further research is needed 

to as there is little research and/or no forensic casework which currently using 

these methods. The results tables also demonstrate that magnetometry and 

gravity surveying should not be used as they would prove ineffective.  

Archaeological mass graves, on the other hand, could be located using 

cartographics, historical records, visual foot search, LiDAR, multispectral 

imaging, hyperspectral imaging, magnetometry, GPR, EM surveying, resistivity, 

metal detecting, probing, coring, test pits/trenching, GS and MS. There is the 

potential for near-infrared, structure from motion, CDDs, witness-led 

approaches and GIS to also be effective in locating archaeological mass 

graves, however, further research is needed to confirm this. Aerial and ground-

level images could also be used to locate mass graves, however, due to the 

development of photography they are likely to only locate mass graves from 

WWI onwards. The results tables also show that gravity surveying and thermal 

imaging should not be used as they would be ineffective.  

9.4 Detecting Taphonomic Signatures in Archaeological and 

Forensic Mass Graves  

The application of potentially available tools of detection is dependent on the 

nature of the mass graves, whilst there are techniques which are more 

commonly used than others there is no standard approach. This lack of 

standardisation enables archaeologists and forensic archaeologists to select the 

tools they believe would be best suited for the environment in which the 

potential mass grave is located. This can be seen when looking at a number of 

the case studies presented in Chapter Two, Thornton Abbey (A3) used 

geophysical and topographical surveys as well as trenching, whilst San 

Vincente Cemetery (F1) discusses the use of aerial photographs, trenching and 

witness testimonies. Pheasant Wood (WWI) used aerial photographs, historical 

records such as a letter written by one of the soldiers, a soldiers memoirs, and 

the 21st Bavarian Reserve’s war diary, they also applied topography, 

geophysics, GPR, metal detecting and test excavations. Often the detection 

tools used are the ones that best suit the environment or which can cover a 

large area in a short space of time. 
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Section 9.3 establishes that there is a wide range of different techniques that 

could be used to detect the presence of taphonomic signatures associated with 

archaeological and forensic mass graves. However, it also highlights that 

several techniques would be unsuitable. As such, this section discusses each of 

the techniques that could be used in archaeological and/or forensic casework, 

summarises what each technique is and the taphonomic signature(s) it could 

detect. 

9.4.1 Initial Detection  

Witness testimonies are regularly used in forensic mass grave casework, as 

they are often the only information available to suggest the presence of an 

undiscovered mass grave. However, for an investigation to start or continue, the 

available information needs to be detailed enough to aid with the case (Blau et 

al., 2018). A witness-led approach uses testimonies recorded in the form of 

either a witness statement, formal interview, and/or an accompanied site visit 

(Anderson et al., 2008; Hanson, 2016). Witnesses can provide location-based 

information, such as the general area the mass grave is located in, the potential 

number of victims interred within possible access routes, and the type of terrain. 

This information not only leads the archaeologists to the potential site, but also 

acts as a guide for the type of equipment that can be used in the area, and 

informs the broader search strategy (Cheetham et al., 2008; Card and Baker, 

2014).  

Rather than being used to detect taphonomic signatures, cartographics and 

historical records are used to narrow down the general area of interest. 

Geological and topographical maps are commonly examined to identify visible, 

natural and built features, highlight areas where a mass grave is unlikely to be 

dug, show the access routes in and out of the area, and indicate the history of 

the potential site (Cheetham et al., 2008; Dupras et al., 2012). As such, it is 

used across both archaeological and forensic casework. Whereas, historical 

records provide references to what the area may have been used for prior to the 

grave’s creation. Archives often hold images, elevation data, documentary 

records of witnesses and perpetrators, receipts, and logs of the logistics 

involved in mass murder (Cheetham et al., 2008: 195). Whilst the use of 

historical records is largely associated with archaeological casework, it can also 
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be relevant in forensic casework as there is often a delay between the act of 

creating a grave and the investigation of it due to the instability in the region.   

A further initial detection technique used to narrow down the general location is 

aerial imagery. Aerial images are a series of overlapping scaled photographs 

taken of a specific area, which can be used to monitor changes in the 

landscape and reveal patterns not easily visible from the ground (Reeves, 1936; 

Hunter and Cox, 2005; Morgan et al., 2010; Burns, 2016). Archaeologists can 

identify shadows created by the grave, variations in soil colour, changes in 

vegetation and marks in the soil (Killam, 2004; Greene and Moore, 2010). 

Therefore, it can be used to detect vegetation alterations, disturbed 

stratigraphy, evidence of human disturbance and surface depressions. 

However, the effectiveness of using aerial images is dependent on the type of 

setting the mass grave is located. A grave situated within a dense forest cannot 

be captured by aerial images because the lens cannot see through the tree 

canopy. Whilst it is potentially easier to detect a grave situated in an open field, 

this is also dependent on if the images were taken before the area had a 

chance to recover. Nevertheless, aerial images could be used to detect forensic 

mass graves and those dug during either the First or Second World Wars. 

However, whilst it can show archaeological monuments and structures, there is 

no way of knowing, from aerial imagery alone, if the patterns in the ground are 

that of an archaeological mass grave.  

Ground-level photographs are taken from different vantage points on the 

ground, often they are captured during or just after an event (Ferrándiz and 

Baer, 2008; Brutin, 2020). Since the Nuremberg and Tokyo trials, they have 

been successfully used as visual evidence within international trials (Ristovska, 

2017; Duffy, 2018). The example provided in Chapter Four (pg. 65-66) 

highlights that these photographs could show evidence of a mass grave and its 

potential location. However, there is often little to no context surrounding these 

images that and the changes that occur to the landscape over time make it hard 

to pinpoint a location (Borcher, 1982). Nevertheless, when applied in 

conjunction with the other initial techniques, they could be used to narrow down 

the location of a potential mass grave and/or provide archaeological and 

forensic teams with the evidence needed to start an investigation. 



136 
 

9.4.2 Remote Sensing 

Using the information gathered during the initial stages of the search, remote 

sensing is used to narrow down the general area of interest by acquiring 

information about a site or object without physically coming into contact with it 

(Lillesand et al., 2015). This is particularly helpful for mass grave casework 

because they are often located in remote areas and politically unstable/war-torn 

countries.  

Hyperspectral sensing captures hundreds/thousands of electromagnetic 

wavebands, which can be used to detect and discriminate between objects on 

the surface of the ground (Sabins, 1996; Adão et al., 2017; Murray et al., 2018; 

Decker and Borghetti, 2022). This means it can be used to detect vegetation 

anomalies and soil disturbances caused by the digging and backfilling of a 

mass grave. This is because hyperspectral sensing can detect differences in 

the spectra emitted/reflected by both younger and older vegetation (Ruffell and 

McKinley, 2008; Barbazon et al., 2020). Whilst this technique shows promise in 

locating both archaeological and forensic mass graves, processing and 

analysing the data is complex and time-consuming due to how much data it 

captures (Adão et al., 2017). As with hyperspectral sensing, multispectral 

sensing obtains images by recording separate wavelength intervals which can 

be used to detect vegetation alterations and micro-topography created by 

ground disturbances (Sabins, 1996; Adão et al., 2017; Rocke and Ruffell, 

2022). Whilst multispectral sensing can be applied to the detection of both 

archaeological and forensic mass graves, it collects a large amount of surface 

data which makes the processing and analysis stage complex (He and Zhao, 

2018; Janoušek et al., 2021).  

Thermal imaging devices, on the other hand, collect and display thermal 

patterns emitted by objects without requiring visible light (Vollmer and 

Möllmann, 2010; DesMarais, 2014; Amendt et al., 2017). This means it could be 

used to detect temperature changes in the soil of a mass grave. However, the 

cooling of the body during algor mortis means this signature is only visible for a 

short time, although research has shown that larval masses generate heat, 

potentially expanding the search window with this technique (Payne, 1965; 

Rodriguez and Bass, 1985; Goodbrod and Goff, 1990; Anderson and 

Vanlaerhoven, 1996; Joy et al., 2006; Slone and Gruner, 2007). Nevertheless, 
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environmental conditions also need to be considered. Although a mass grave 

will emit a bigger heat signature than a single grave, due to the body mass, the 

depth of the grave, geographical region and season can cause this technique to 

be ineffective (Voss et al., 2011). Therefore, it has the potential to be used in 

forensic mass graves but would be ineffective in older/archaeological mass 

graves.  

Near-infrared sensing can be used to detect vegetation that has been stressed 

by changes to the soil nutrients and aeration (Carter, 1993; Murray et al., 2018). 

Whilst these changes could be caused by the presence of a mass grave, further 

research is needed to determine if it is possible to use this technique to detect 

archaeological and forensic mass graves. 

LiDAR records the time it takes for a pulse of near-infrared or visible green light 

to hit the surface of the earth and gets reflected back to the sensor (Corcoran, 

2016; Dong and Chen, 2017; Koopman, 2017; McManamon, 2019). This 

records specific location points with a high degree of accuracy, which is then 

generated into 3D models of the ground (Dong and Chen, 2017; Historic 

England, 2018). These models show depressions and/or structural outlines on 

the surface of the earth. This technique has been extensively applied to 

archaeological casework to map known burial mounds and cemetery grave 

plots, predict the location of unknown burial mounds and detect ground 

elevation changes as the grave fill settles (Riley, 2009; Chase et al., 2011; 

Weitman, 2012; Artz et al., 2013; Corcoran, 2016; Koopman, 2017; Corcoran et 

al., 2018). This indicates that LiDAR would be an effective technique for 

detecting surface depressions caused by the presence of a mass grave. Whilst 

this technique is widely used throughout the field of archaeology, there is 

currently little to no research or evidence of its application within forensics. 

Nevertheless, with further experimental research, this technique could be used 

alongside others, such as a visual foot search, multispectral and hyperspectral 

sensing, and geophysics, to facilitate the process of locating a mass grave.  

SfM is a photogrammetry technique used to produce accurate 3D digital models 

of the ground, which can map small to medium-sized areas with more accuracy 

than LiDAR (Shafiekhani et al., 2017; Historic England, 2018; Murray et al., 

2018). It can also be used to collect data in remote areas, as it can work offline, 

making it effective in mass grave casework as they are regularly situated in 
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remote locations (Historic England, 2018; Murray et al., 2018). Although 

research into the use of SfM in reconstructing archaeological non-clandestine 

graves and surface remains has been successful, further research is needed 

into its applicability in locating mass graves (Levy et al., 2014; Murray et al., 

2018). 

Finally, GIS can be used to build digital images of the landscape by combining 

layers of data (Bray and Frieman, 2008). By plotting and analysing sites of 

interest against aerial images and digital maps, archaeologists can see how the 

area has changed over time (Darvill, 2022). In the case of locating mass graves, 

archaeologists may be able to detect vegetation changes, disturbed stratigraphy 

and evidence of human disturbance. However, further research into how it can 

be utilised as a locating technique is required.  

9.4.3 Initial Site Visit  

The use of a foot search is well-established across archaeology and forensics. 

It is used to collect and record surface evidence. This evidence could be in the 

form of vegetation alterations, disturbed soil, trace evidence, prints and 

compression marks left behind by tools, shoes and vehicle tracks (Birzer, 2012; 

Ghanem and Sobh, 2021). There are several search patterns which 

archaeologists or search teams can select to ensure the search is organised 

and structured, and to minimise the risk of damaging or missing evidence. 

Alongside a visual foot search, CDDs can also be used to search a designated 

area of interest, as they are trained to locate and indicate the strongest 

concentration of human-specific odours at various stages of decomposition and 

in different geological settings (Redmann, 2011; Alexander et al., 2016). The 

taphonomic signature that CDDs detect is VOCs, however, it is unknown 

whether they respond to the complex combinations of VOCs or core VOCs 

making it hard to standardise CDD training (Stadler et al., 2012; Stejskal, 2013; 

Westcott, 2018; Glavaš and Pintar, 2019; Dargan and Forbes, 2021). Whilst 

they are used in forensic casework and have the potential to be successful in 

locating forensic mass graves, there is currently a lack of substantial evidence 

and research into using CDDs in archaeological casework. Therefore, further 

research is needed before it is possible to say that they can be used to find 

archaeological mass graves. 
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9.4.4 Geophysics 

Another detection technique used once the general area has been narrowed 

down is geophysical surveying, as it is the most effective way of locating 

stratigraphic disturbances related to the digging and backfilling of a grave 

(Berezowski et al., 2021). 

One geophysical technique is EM surveying, which has the potential to map 

large areas for subsurface changes in quick succession because it does not 

need to make direct contact with the ground (Cheetham, 2005; McKenzie and 

Ryan, 2008; Reynolds, 2011; Pringle et al., 2012). With enough contrast 

between the grave fill and undisturbed soil, it can be used to detect differences 

in the ground's electrical conductivity and magnetic susceptibility which could be 

caused by the mass grave and/or metallic artefacts buried with the remains 

(Cheetham, 2005; Dalan et al., 2010; Dupras et al., 2012). However, further 

research is needed into its applicability in archaeological and forensic casework, 

as studies by Molina et al., (2016) indicate that it was ineffective at detecting 

simulated graves.  

One method that is already well-established across archaeology and forensics 

is GPR. GPR detects and records changes in the grave fill and undisturbed soil 

(Gaffney and Gater, 2003; Herz and Garrison, 1998). However, its effectiveness 

is dependent on the grave’s depth, size and soil composition (Powell, 2004; 

Pringle et al., 2008; Ruffell et al., 2009). This is because in very wet soils the 

pulse is only able to penetrate a few centimetres meaning that it may struggle to 

detect a deeply buried mass grave (Herz and Garrison, 1998; Hammon et al., 

2000; Ristić et al., 2020; Bagaskara et al., 2021; Berezowski et al., 2021). Mass 

graves are also large, the area being sampled may be directly over the top of 

the grave, preventing archaeologists from seeing a contrast in the disturbed and 

undisturbed soil.   

Magnetometry detects variations in the earth’s magnetic field to map buried 

structures and/or features without excavating or making direct contact with the 

ground (Conyers, 2018; von der Osten-Woldenburg, 2020). These variations 

are caused by disturbance to the natural stratigraphy of the soil. Once the raw 

data is processed into a visual map of the surveyed area, it is possible to see 

patterns caused by the buried features and determine if the anomaly is a 

potential mass grave (Benech, 2007; Mohamed-Ali et al., 2012). Whilst it is 
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another technique that is effectively applied to archaeological casework and 

could be used to detect an archaeological mass grave, however, it is too 

sensitive to be used in a forensic capacity. This is because considerable soil 

disturbance or metallic debris is picked up as background noise, causing false 

readings and misinterpretation of data (Hunter and Martin, 1996; Neubauer et 

al., 2003; Kalacska et al., 2008; Dupras et al., 2012). However, mass graves 

are typically situated within remote areas, implying there may not be a lot of 

background disturbance. The presence of a magnetic anomaly may also cause 

a feature to standout from the surrounding area as it is an unusual result. 

Therefore, in certain locations, the use of magnetometry to detect forensic mass 

graves could potentially be considered.  

A third well-established technique, used for locating grave sites associated with 

both archaeology and forensics is resistivity. Resistivity measures the 

resistance of electrical currents within the subsoil to detect a buried feature 

and/or object, the disturbed soil created when a mass grave is dug forms a low 

resistance anomaly (Herz and Garrison, 1998; Banning, 2002; Gaffney and 

Gater, 2003; Dupras et al., 2012; Schmidt, 2013; Berezowski et al., 2021). 

However, it can only be used in certain locations because the probes need 

direct contact with the ground. This means a mass grave concealed under 

tarmac, concrete and/or another hard surface will not be detectable with 

resistivity (Hansen et al., 2014). 

Finally, metal detectors can be used to detect objects that may be concealed 

within archaeological and forensic mass graves, such as bullet casings and/or 

artefacts. Although a metal detector can pick up traces of iron more easily due it 

is metallic properties, it can also detect nickel, aluminium and zinc.  

9.4.5 Destructive Detection 

Destructive detection, also known as an invasive approach is used to confirm 

the presence of a mass grave. 

Soil probing can determine the differences in subsoil density and compactness 

(Morse et al., 1983; Killam, 2004; Dupras et al., 2012; Holland and Connell, 

2016). Whilst it is used in both archaeology and forensics, it should only be 

applied when there are no other options, as there is no way of knowing how far 
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under the surface the body mass is, which could cause damage to the remains 

(Wright et al., 2005; Fiedler et al., 2009). 

Similar to probing, soil coring removes cores of soil at regular intervals in and 

around the area of interest, to identify disturbed and undisturbed stratigraphy 

(Banning, 2002; Dupras et al., 2012; Holland and Connell, 2016; Banning, 

2020). Extracted cores can also be sent for soil analysis, through the use of GC 

and MS, archaeologists can detect the presence of organic molecules and 

VOCs associated with the decomposition of human remains (Colombini and 

Modugno, 2009; Stefanuto et al., 2017; Dubois et al., 2018; Gruber et al., 2018). 

Whilst GC and MS are used regularly across archaeology and forensics, soil 

coring should be used with extreme caution to avoid damaging the buried 

remains and evidence.  

Finally, the use of test pits and trenching is carried out during the final stages of 

the search, due to their destructive nature (Pringle et al., 2012). Considered a 

reliable and standard technique across both fields, they are used to identify 

changes in the soil, human remains, potential evidence and the depth of the 

grave without conducting a full-scale excavation (Anderson et al., 2008). By 

initially digging a test pit or trench away from the area of interest and then 

within, archaeologists can confirm if the stratigraphy has been disturbed, and 

the presence, absence and/or concentration of human remains to verify the 

existence of a mass grave (Anderson et al., 2008; Bartelink et al., 2016: 283). 
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Chapter Ten: Conclusion  

The overall aim of this project was to determine, which, if any, of the 

taphonomic signatures commonly found at burial sites can be used as a method 

for locating both archaeological and forensic mass graves. 

It is evident from this research that three key taphonomic signatures have a 

long-term visual impact on the subsoil and surrounding landscape and could be 

used as a method for detecting a mass grave. Firstly, tool marks, vehicle tracks 

and shoe print impressions left within the immediate vicinity of the mass grave 

and along access routes can be recovered, as was evidenced during the 

investigations of numerous mass graves associated with the Yugoslav wars. 

These impressions not only provide a visual marker in the landscape that 

archaeologists can use to locate the mass grave, but they can also provide an 

understanding of how the grave was dug and whether it was later disturbed. 

This enables archaeologists to determine if further searches for secondary 

mass graves are needed. Whilst this taphonomic signature is already 

considered and recorded during a forensic investigation, it is often overlooked in 

archaeological casework as it is generally assumed that it will not survive and is 

therefore of little interest to archaeological practitioners.  

Secondly, vegetation alterations can also be used to detect the presence of a 

mass grave. Due to the size of a mass grave, large areas of vegetation are 

likely to be initially uprooted and the grave can be detected through the 

presence of bare soil over the grave’s surface and surplus soil piled or spread 

around its perimeter. Once the vegetation has recovered, there are still markers 

that can be used to detect mass graves. Therefore, although harder to spot, 

vegetation alterations could be used to locate both archaeological and forensic 

mass graves. Pollen and spore analysis can also be used along side this to 

identify links between the mass graves, execution sites and/or other evidence.  

Thirdly, disturbed stratigraphy can initially be detected visually within the 

landscape because the disturbed soil may appear to have a different colour to 

the surrounding undisturbed soil due to the mixing of the strata layers. Although 

the stratigraphy of the area will never return to its natural state, once the area 

has had time to recover, other techniques would need to be used to detect the 

disturbed stratigraphy. 
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Whilst three aforementioned taphonomic signatures can cause distinctive visual 

changes to the landscape, there are many other signatures which, if detected, 

can also indicate the presence of a mass grave.  

Archaeological and forensic investigations start with an initial desk-based 

assessment, which is designed to gather information about a potential mass 

grave site. The research presented in Chapter Four shows that in a forensic 

mass grave casework an investigation often cannot take place without the 

information provided by witnesses. Aerial and available ground-based images 

can then be used in conjunction with these statements to corroborate witness 

testimonies and can show changes in the landscape caused by the digging of a 

mass grave. Archaeologically, it is often historical records that hold the best 

source of information about the potential location of a mass grave.  

Whilst foot searches can be successfully used to locate the taphonomic 

signatures mentioned above, it is not always possible to use this technique, 

particularly if the casework is undertaken in conflict or post-conflict zones, 

where the area may be inaccessible or unsafe. Nevertheless, remote sensing 

methods could be used as an alternative, or complementary, search technique, 

as they could be used to detect many of the taphonomic signatures discussed 

within this research in both archaeological and forensic contexts. Research into 

the use of geophysics to detect subsoil taphonomic signatures has shown that 

GPR is most effective at locating mass graves across archaeology and 

forensics, whilst magnetometry and resistivity have been effectively applied to 

archaeological casework.  

However, invasive techniques are required to confirm the presence of a mass 

grave, the most effective and reliable of which is the use of test pits or 

trenching, as they enable archaeologists to confirm the presence or absence of 

a mass grave and record the site’s stratigraphy without conducting a full 

excavation. Finally, chemical changes within the grave also provide 

archaeologists with an indication of the presence of a mass grave because it 

creates a unique environment due to the volume of remains within the body 

mass. As decomposition in a mass grave is an elongated process, there is the 

potential for archaeologists to use factors such as soil pH and chemical 

changes to either confirm the presence of a grave using soil analysis 

techniques or detect the grave through the use of cadaver dogs.  
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This project has highlighted that, internationally, there is currently a low 

recovery rate of mass grave victims. It is, therefore, necessary for cheaper, less 

time-consuming and more effective methods to be considered in the hope that 

this will improve existing recovery rates. This study has achieved this by 

critically evaluating existing approaches used in archaeological and forensic 

practice, and through using this dataset, has identified which methods and 

taphonomic signatures offer the best chances of success thereby providing 

empirical data to inform forensic practice.   



145 
 

Bibliography  

Abate, D., Sturdy Colls, C., Moyssi, N., Karsili, D., Faka, M., Anilir, A. and 

Manolis, S. 2019. Optimizing search strategies in mass grave location through 

the combination of digital technologies. Forensic Science International: 

Synergy. 1, 95-107. 

Adão, T., Hruska, J., Padua, J., Peres, E., Morais, R. and Joao Sousa, J. 2017. 

Hyperspectral Imaging: A Review on UAV-Based Sensors, Data Processing 

and Applications for Agriculture and Forestry. Remote Sensing. 9, 1110. 

Aitkenhead-Peterson, J.A., Owings, C.G., Alexander, M.B., Larison, N. and 

Bytheway, J.A. 2012. Mapping the lateral extent of human cadaver 

decomposition with soil chemistry. Forensic Science International. 216, 127-

134.  

Alexander, M. 1980. Effects of acidity on microorganisms and microbial 

processes in soil. In: Hutchinson, T.C. and Havas, M. (eds). Effects of acid 

precipitation on terrestrial ecosystems. New York: Plenum Press, 363-374. 

Alexander, M.B., Hodges, T.K., Bytheway, J. and Aitkenhead-Peterson, J.A. 

2015. Application of soil in forensic science: Residual odour and HRD dogs. 

Forensic Science International. 249, 304-313. 

Alexander, M.B., Hodges, T.K., Wescott, D.J. and Aitkenhead-Peterson, J.A. 

2016. The effects of soil texture on the ability of human remain detection dogs 

to detect buried human remains. Journal of Forensic Sciences. 61 (3), 649-655. 

Allaby, M. 2020. A Dictionary of Geology and Earth Science. 5th Edition. Oxford: 

Oxford University Press.  

Allen, M.J. and Edwards, I. 2021. Criminal Law. 16th Edition. Oxford: Oxford 

University Press.  

Almulhim, A.M. and Menezes, R.G. 2022. Evaluation of postmortem changes. 

Treasure Island Florida: StatPearls Publishing. 

Alotaibi, S.S., Sayed, S.M., Alosaimi, M., Alharthi, R., Banjar, A., Abdulqader, N. 

and Alhamed, R. 2020. Pollen molecular biology: Applications in the forensic 

palynology and future prospects: A review. Saudi Journal of Biological 

Sciences. 27, 1185-1190. 



146 
 

Alsadi, H.N. and Baban, E.N. 2020. Introduction to the Seismic Exploration. 

Iraq: University of Sulaimani Publications.  

Amendt, J., Rodner, S., Schuch, C., Sprenger, H., Weidlich, L. and Reckel, F. 

2017. Helicopter thermal imaging for detecting insect infested cadavers. 

Scientific Justice. 57 (5), 366-372. 

Anand, R., S. Veni, and J. Aravinth. 2017. Big data challenges in airborne 

hyperspectral image for urban land use classification. International Conference 

on Advances in Computing, Communications and Informatics. 1808–1814.  

Anderson, A., Hanson, I., Schorfield, D., Schlotz, H., Vellema, J. and Viner, M. 

2008. Health and safety. In: Margaret, C., Flavel, A., Hanson, I., Laver, J. and 

Wessling, R. (eds). The scientific investigation of mass graves: Towards 

protocols and standard operating procedures. Cambridge: Cambridge 

University Press, 109-147. 

Anderson, G.S. and Vanlaerhoven, S.L. 1996. Initial studies on insect 

succession on carrion in southwestern British Colombia. Journal of Forensic 

Sciences. 41 (4), 617-625. 

Aquila, I., Ausania, F., Nunzio, C.D., Serra, A., Boca, S., Dapelli, A., Magni, P. 

and Ricci, P. 2014. The role of forensic botany in crime scene investigations: 

Case report and review of literature. Journal of Forensic Science. 59 (3), 820-

824. 

Artz, J.A., Bristow, E.D. and Whittaker, W.E. 2013. Mapping precontract burial 

mounds in sixteen Minnesota countries using Light Detection and Ranging 

(LiDAR): Contract completion report 1976. Iowa: University of Iowa.   

Ayers, L.E. 2010. Differential decomposition in terrestrial freshwater and 

saltwater environments: A pilot study. Unpublished Thesis. San Marcos: Texas 

State University-San Marcos.  

BABAO. 2019. Code of Practice. London: British Association of Biological 

Anthropology and Osteoarchaeology. 

Baber, W.F. and Bartlett, R.V. 2011. The Role of International Law in Global 

Governance. In: Dryzek, J.S., Norgaard, R.B. and Schlosberg, D. (eds). The 



147 
 

Oxford Handbook of Climate Change and Society. Oxford: Oxford University 

Press, 654-667. 

Babic, J., Cupkovic, T. and Bosiocic, N. 2000. The application of remote 

sensing and IT in research of mass graves in the system of Jasenovac ustasha 

camps. Available online at: http://www.jasenovac-

info.com/projekti/rsgis_jasenovac_eng.pdf [Accessed: 26/04/2022]. 

Bachmann, J. and Simmons, T. 2010. The influence of preburial insect access 

on the decomposition rate. Journal of Forensic Sciences. 55 (4), 893-900. 

Bagaskara, A., Wafi, A., Setianwan, N.S. and Mariyanto, M. 2021. Detection of 

buried human bodies using ground-penetrating radar method. Journal of 

Physics: Conference Series. 1876. 

Bahn, P. 1992. Collins dictionary of archaeology. Glasgow: Harper Collins.  

Bahn, P. 2012. Archaeology: A very short introduction. Oxford: Oxford 

University Press.  

Bailey, S.H., Ching, J.P.L. and Taylor, N.W. 2007. The Modern English Legal 

System. 5th Edition. London: Sweet & Maxwell Limited. 

Bajerlein, D., Wojterska, M., Grewling, Ł. And Kokociński, M. 2015. Forensic 

botany: Current state of knowledge and possible application in investigative 

practice. Issues of Forensic Science. 289 (3), 71-82. 

BAJR Practical Guide Series. 2008. Archaeological Geophysics: A short guide. 

Guide 18. Available online at: 

http://www.bajr.org/BAJRGuides/18.%20Archaeological%20Geophysics%20%2

0a%20Short%20Guide/Archaeological-Geophysics-a-Short-Guide.pdf 

[Accessed: 29/05/2023]. 

Baker, C., Alicehajic, E. and Santana, J.N. 2017. Post-mortem differential 

preservation and its utility in interpreting forensic and archaeological mass 

burials. In: Schotsmans, E.M.J., Márquez-Grant, N. and Forbes, S.L. (eds). 

Taphonomy of Human Remains: Forensic analysis of the dead and the 

depositional environment. Chichester: John Wiley & Sons Ltd, 251-276. 

Baker, J. 2019. An Introduction to English Legal History. Oxford: Oxford 

University Press.  



148 
 

Ballbe, E.G. and Steadman, D.W. 2008. The political, social and scientific 

contexts of archaeological investigations of mass graves in Spain. 

Archaeologies: Journal of the World of Archaeological Congress. 4 (3), 429-

444. 

Banning, E.B. 2002. Archaeological Survey. New York: Kluwer Academic/ 

Plenum Publishers.  

Banning, E.B. 2020. The Archaeologist’s Laboratory: The Analysis of 

Archaeological Evidence. 2nd Edition. Cham: Springer.  

Bantekas, I. 2010. International Criminal Law. 4th Edition. Oxford: Hart 

Publishing Ltd.  

Banton, M.E. 2014. Examining Reactive Anthropology in Military Skeletal 

Assemblages: A Pilot Study Using the Mass Grave Assemblage from the Battle 

of Towton (1461). Papers from the Institute of Archaeology. 24 (1), 1-8. 

Barbazon, H., DeBruyn, J.M., Lenaghan, S.C., Li, F., Mundorff, A.Z., Steadman, 

D.W. and Stewart, C.N. 2020. Plants to Remotely Detect Human 

Decomposition? Trends in Plant Science. 25 (10), 947-949. 

Barker, P. 1993. Techniques of Archaeological Excavation. 3rd Edition. London: 

Routledge. 

Bartelink, E.J., Milligan, C.F. and Sturdy Colls, C. 2016. The role of forensic 

archaeology in missing persons investigations. In: Morewitz, S.J. and Sturdy 

Colls, C. (eds). Handbook of missing persons. Cham: Springer, 271-294. 

Bassiouni, M.C. 1999. Crimes Against Humanity in International Criminal Law. 

2nd Revised Edition. The Hague: Kluwer Law International.  

Bassiouni, M.C. 2010. Crimes Against Humanity: The case for a specialised 

convention. Washington University Global Studies Law Review. 9 (4), 575-593. 

Batey, R.A. 1987. Subsurface interface radar at Sepphoris, Israel. Journal of 

Field Archaeology. 14, 1-8. 

Baxter, C.L. and Hargrave, M.L. 2015. Guidance on the use of historic human 

remains detection dogs for locating unmarked cemeteries. Champaign: The US 

army engineer research and development centre. 



149 
 

Bearman, N. 2021. GIS: Research Methods. London: Bloomsbury Academic. 

Beary, M.O. and Lyman, R.L. 2012. The Uses of Taphonomy in Forensic 

Anthropology: Past Trends and Future Prospects. In: Dirkmaat, D.C. (ed). A 

Companion to Forensic Anthropology. Chichester: John Wiley and Sons Ltd, 

499-527. 

Bedenik, G., Silveira, J., Santos, Í., Carvalho, E., Carvalho, J.G. and Freire, R. 

2019. Single coil metal detector and classifier based on phase measurement. 

4th International Symposium on Instrumentation Systems, Circuits and 

Transducers. 1-6. 

Behrensmeyer, A.H., Denys, C. and Brugal, J.P. 2018. What is taphonomy and 

what is not? Historical Biology. 30 (6), 718-719. 

Behrensmeyer, A.K. and Kidwell, S.M. 1985. Taphonomy’s contributions to 

palaeobiology. Palaeobiology. 11 (1), 105-119. 

Bell, S. 2013. A dictionary of forensic science. Oxford: Oxford University Press. 

Bell, S. 2019. Forensic Science: An introduction to scientific and investigative 

techniques. 5th Edition. Boca Raton: CRC Press.  

Benbow, M.E., Lewis, A.J., Tomberlin, J.K. and Pechal, J.L. 2013. Seasonal 

necrophagous insect community assembly during vertebrae carrion 

decomposition. Journal of Medical Entomology. 50, 440-450. 

Benech, C. 2007. New approach to the study of city planning and domestic 

dwellings in the ancient Near East. Archaeological Prospection. 14, 87-103. 

Benninger, L.A., Carter, D.O. and Forbes, S.L. 2008. The biochemical alteration 

of soil beneath a decomposing carcass. Forensic Science International. 180 (2-

3), 70-75. 

Berat, L., and Gordon, R.J. 1991. Customary Law in Namibia: What should be 

done. Vanderbilt Journal of Transnational Law. 24 (4), 633-652. 

Berezowski, V., Mallett, X., Ellis, J. and Moffat, I. 2021. Using ground 

penetrating radar and resistivity methods to locate unmarked graves: A review. 

Remote Sensing. 13, 2880. 

Bevan, B.W. 1991. The search for graves. Geophysics. 56 (9), 1310-1319. 



150 
 

Bibas, S. and Burke-White, W.W. 2010. International idealism meets domestic-

criminal-procedure realism. Duke Law Journal. 59 (4), 637-704. 

Bioucas-Dias, J.M., Plaza, A., Camps-Valls, G., Scheunders, P., Nasrabadi, N. 

and Chanussot, J. 2013. Hyperspectral Remote Sensing Data Analysis and 

Future Challenges. IEEE: Geosciences Remote Sensing Magazine. 1, 6-36. 

Birzer, M.L. 2012. Crime Scene Search. In: Birzer, M.L. and Roberson, C. (eds). 

Introduction to Criminal Investigation. Boca Raton: CRC Press. 35-45.  

Blanchfield, L. and Browne, M.A. 2014. Membership in the United Nations and 

its specialised agencies. Congressional Research Service. Available online at: 

https://sgp.fas.org/crs/row/R43614. pdf [Accessed: 01/09/2021]. 

Blau, S. 2004. Forensic Archaeology in Australia: Current situations, future 

possibilities. Australian Archaeology. 58 (1), 11-14. 

Blau, S. 2014. Taphonomy: Definition. In: Smith, C. (ed). Encyclopaedia of 

Global Archaeology. New York: Springer.  

Blau, S. and Ubelaker, D.H. 2016. Forensic Anthropology and Archaeology: 

Moving Forward. In: Blau, S. and Ubelaker, D.H. (eds). Handbook of forensic 

anthropology and archaeology. 2nd Edition. London: Routledge, 1-9. 

Blau, S., Sterenberg, J., Weeden, P., Urzedo, F., Wright, R. and Watson, C. 

2018. Exploring non-invasive approaches to assist in the detection of 

clandestine human burials: Developing a way forward. Forensic Science 

Research. 3 (4), 320–342. 

Blum, B. 2017. The hounds of the empire: Forensic dog tracking in Britain and 

its Colonies, 1888-1953. Law and History Review. 35 (3), 621-665.  

Bock, J.H. and Norris, D.O. 1997. Forensic botany: an underutilized resource. 

Journal of Forensic Science. 42, 364-367. 

Boddington, A., Garland, A.N. and Janaway, R.C. 1987. Death, decay and 

reconstruction: Approaches to archaeology and forensic science. Manchester: 

Manchester University Press. 

Borchert, J. 1982. Historical photo-analysis: A research method. Historical 

Methods. A Journal of Quantitative and Interdisciplinary History. 15 (2), 35-44. 



151 
 

Boumba, V., Ziavrou, K. and Vougioklakis, T. 2008. Biochemical pathways 

generating postmortem volatile compounds co-detected during forensic ethanol 

analyses. Forensic Science International. 174 (2-3), 133-151.  

Boylan-Kemp, J. A. 2014. English Legal System. 3rd Edition. London: Thomson 

Reuters, Sweet & Maxwell. 

Brasseur, C., Dekeirsschieter, J., Schotsmans, E.J., de Koning, S., Wilson, 

A.S., Haubruge, E. and Focant, J. 2012. Comprehensive two-dimensional gas 

chromatography–time-of-flight mass spectrometry for the forensic study of 

cadaveric volatile organic compounds released in soil by buried decaying pig 

carcasses. Journal of Chromatography A. 1255, 160-170. 

Bray, P. and Frieman, C. 2008. Archaeological Techniques. In: Adkins, R., 

Adkins, L. and Leitch, V. (eds). The Handbook of British Archaeology. London: 

Constable and Company Ltd, 356-404.  

Briggs, D.E.G. and McMahon, S. 2016. The role of experiments in investigating 

the taphonomy of exceptional reservation. Palaeontology. 59 (1), 1-11. 

Bristow, J., Simms, Z. and Randolph-Quinney, P. 2011. Taphonomy. In: Black, 

S. and Ferguson, E. (eds). Forensic anthropology 2000 to 2010. Boca Raton: 

CRC Press, 279-317. 

Brooks, J.W. 2016. Postmortem changes in animal carcasses and estimation of 

the postmortem interval. Veterinary Pathology. 53 (5), 929-940. 

Broomhall, B. 2009. International Justice and the International Criminal Court: 

Between Sovereignty and the Rule of Law. Oxford: Oxford University Press.  

Brouwer, R. 2018. On the Meaning of 'System' in the Common and Civil Law 

Traditions: Two Approaches to Legal Unity. Utrecht Journal of International and 

European Law. 34 (1), 45-55. 

Brown, A.G. 2006. The use of forensic botany and geology in war crimes in NE 

Bosnia. Forensic Science International. 163 (3), 204-210. 

Brutin, B. 2020. Holocaust icons in Art: the Warsaw Ghetto Boy and Anne 

Frank. De Gruyter  Oldenburg: Berlin.  



152 
 

Bryant, V.M. 2013. Analytical techniques in forensic palynology. In: Elias, S.A. 

(ed). The encyclopaedia of Quaternary Science. Vol 4. Elsevier: Amsterdam, 

556-566. 

Buis, R.C. 2016. The validation of human decomposition fluid as a cadaver-

detection dog training aid. Sydney: University of Technology. PhD Thesis. 

Buis, R.C., Rust, L., Nizio, K.D., Rai, T., Stuart, B.H. and Forbes, S.L. 2019. 

Investigating the sensitivity of cadaver-detection dogs to aged, diluted 

decomposition fluid. Journal of Forensic Identification. 69 (3), 367-377. 

Burgess, A. 1997. Towton Hall, Towton, North Yorkshire. Archaeological 

Excavation. Wakefield: Archaeological Services WYAS.  

Burgess, A. 2007. The excavation and finds. In: Fiorato, V., Boylston, A. and 

Knüsel, C. (eds). Blood Red Roses: The Archaeology of a Mass Grave from the 

Battle of Towton AD 1461. Oxford: Oxbow Books, 29-35. 

Burns, K.R. 2016. Forensic Anthropology Training Manual. Third Edition. Oxon: 

Routledge. 

Byers, S.N. 2011. Introduction to Forensic Anthropology. 4th Edition. New 

Jersey: Pearson Education. 

Caccianiga, M., Bottacin, S. and Cattaneo, C. 2012. Vegetation Dynamics as a 

Tool for Detecting Clandestine Graves. Journal of Forensic Sciences. 57 (4), 

983-988. 

Caraballo, N.I. 2014. Identification of characteristic volatile organic compounds 

released during the decomposition process of human remains and analogues. 

Miami: Florida International University. PhD Thesis. 

Card, B.L. and Baker, I.L. 2014. GRID: A Methodology Integrating Witness 

Testimony and Satellite Imagery Analysis for Documenting Alleged Mass 

Atrocities. Genocide Studies and Prevention: An International Journal. 8 (3). 49-

61. 

Carman, J. 2012. Towards an international comparative history of 

archaeological heritage and management. In: Skeates, R., McDavid, C. and 

Carman, J. (eds). The oxford handbook of public archaeology. Oxford: Oxford 

University Press, 13-35. 



153 
 

Carman, J. 2014. Legislation in Archaeology: Overview and introduction. In: 

Smith, C. (ed). Encyclopaedia of Global Archaeology. New York: Springer.   

Carter, D.O. and Tibbett, M. 2003. Taphonomic mycota: Fungi with forensic 

potential. Journal of Forensic Sciences. 48, 168-171. 

Carter, D.O. and Tibbett, M. 2008. Cadaver decomposition and soil: processes. 

In: Tibbett, M. and Carter, D.O. (eds). Soil analysis in forensic taphonomy: 

Chemical and biological effects of buried human remains. Boca Raton: CRC 

Press, 29-51.  

Carter, D.O., Yellowlees, D. and Tibbett, M. 2007. Cadaver decomposition in 

terrestrial ecosystems. Naturwissenschaften. 94, 12-24. 

Carter, D.O., Yellowlees, D. and Tibbett, M. 2008. Temperature affects 

microbial decomposition of cadavers (Rattus rattus) in contrasting soils. Applied 

Soil Ecology. 40 (1), 129-137. 

Carter, D.O., Yellowlees, D. and Tibbett, M. 2010. Moisture can be the 

dominant environmental parameter governing cadaver decomposition in soil. 

Forensic Science International. 200, 60-66. 

Carter, G. A. 1993. Responses of leaf spectral reflectance to plant stress. 

American Journal of Botany. 80, 239-243. 

Carver, M. 2009. Archaeological Investigation. London: Routledge.  

Cassese, A., Gaeta, P., Baig, L., Fan, M., Gosnell, C. and Whiting, A. 2013. 

Cassese’s International Criminal Law. 3rd Edition. Oxford: Oxford University 

Press.  

Ceretti, A. 2009. Collective Violence and International Crimes. In: Cassese, A. 

(ed). The Oxford Companion to International Criminal Justice. Oxford: Oxford 

University Press, 5-24. 

Charney, J.I. 2001. International Criminal Law and the Role of Domestic Courts. 

American Journal of International Law. 95 (1), 120-123. 

Chase, A.F., Chase, D.Z., Weishampel, J.F., Drake, J.B., Shrestha, R.L., 

Slatton, K.C., Awe, J.J. and Carter, W.E. 2011. Airborne lidar, archaeology, and 



154 
 

the ancient Maya landscape at Caracol, Belize. Journal of Archaeological 

Science. 38 (2), 387-398. 

Cheetham, P. 2005. Forensic Geophysical Survey. In: Hunter, J. and Cox, M. 

(eds). Forensic Archaeology: Advances in theory and practice. Oxon: 

Routledge, 62-95. 

Cheetham, P., Cox, M., Flavel, A., Hanson, I., Haynie, T., Oxlee, D. and 

Wessling, R. 2008. Search, location, excavation and recovery. In: Cox, M., 

Flavel, A., Hanson, I., Laver, J. and Wessling, R. (eds). The scientific 

investigation of mass graves: Towards protocols and standard operating 

procedures. Cambridge: Cambridge University Press,183-267. 

Chirayath, L., Sage, C. and Woolcock, M. 2005. Customary Law and Policy 

Reform: Engaging with the Plurality of Justice Systems. World Department 

Report 2006: Equality and Development. Available online at: 

https://openknowledge.worldbank.org/bitstream/handle/10986/9075/WDR2006_ 

0006.pdf?sequence=1&isAllowed=y [Accessed: 01/09/2021]. 

Cholewa, M., Bonar, M. and Kadej, M. 2022. Can plants indicate where a 

corpse is buried? Effects of buried animal tissues on plant chemistry: 

Preliminary study. Forensic Science International. 333, 111208. 

Christensen, A.M., Passalacqua, N.V. and Bartelink, E.J. 2014. Forensic 

Anthropology: Current Methods and Practice. Oxford: Academic Press.  

CIA. 2022. The world factbook: Legal systems. Available online at: 

https://www.cia.gov/the-world-factbook/field/legal-system/ [Accessed: 

13/10/2022]. 

Ciampi, A. 2004. The International Criminal Court. The Law and Practice of 

International Courts and Tribunals. 3, 143-150.  

CIfA. 2014. Standard and guidance for historic environment desk-based 

assessment. Reading: The Chartered Institute for Archaeologists. 

CIfA. 2021. Archaeology, Planning Policy and Legislation in the UK. Available 

online at: https://www.archaeologists.net/find/clientguide/legislation [Accessed: 

01/09/2021]. 



155 
 

CMP. 2022. Figures and Statistics of Missing Persons: up to 30 September 

2022. Available online at: https://www.cmp-cyprus.org/wp-

content/uploads/2022/10/Facts-and-Figures-30.09.2022.pdf [Accessed: 

05/12/2022]. 

Cobaugh, K.L., Schaeffer, S.M. and DeBruyn, J.M. 2015. Functional and 

structural succession of soil microbial communities below decomposing human 

cadavers. PloS One. 10 (6), e0130201. 

Collins Gem. 1989. English Dictionary. London: Wm. Collins & Sons & Co. Ltd. 

Collins, S., Stuart, B. and Ueland, M. 2020. Monitoring human decomposition 

products collected in clothing: and infrared spectroscopy study. Australian 

Journal of Forensic Science. 52 (40), 428-438. 

Colombini, M.P. and Modugno, F. 2009. Organic Mass Spectrometry in Art and 

Archaeology. Chichester: John Wiley & Sons Ltd.  

Conforti, B. 1993. International Law and the Role of Domestic Legal Systems. 

Dordrecht: Martinus Nijhoff Publishers.  

Connolly, D. 2014. Archaeology and Planning Process: A guide for developers. 

BAJR Practical Guide Series. Available online at: 

http://www.bajr.org/BAJRGuides/16.%20%20Archaeology%20and%20the%20P

lanning%20Process/GuideforArchaeologyinPlanning.pdf [Accessed: 

09/03/2021]. 

Connor, M. and Scott, D.D. 1998. Metal detector use in Archaeology: an 

introduction. Historical Archaeology. 32 (4), 76-85. 

Connor, M. and Scott, D.D. 2001. Paradigms and Perpetrators. Historical 

Archaeology. 35 (1), 1-6. 

Connor, M.A. 2007. Forensic methods: Excavation for the archaeologist and 

investigator. Walnut Creek: Rowman AltaMira. 

Conyers, L.B. 2018. Ground-penetrating radar and magnetometry for buried 

landscape analysis. Cham: Springer International Publishing. 

Corcoran, K.A. 2016. A characterisation of human burial signatures using 

spectroscopy and LIDAR. Knoxville: University of Tennessee. PhD Thesis.  



156 
 

Corcoran, K.A., Mundorff, A.Z., White, D.A. and Emch, W.L. 2018. A novel 

application of terrestrial LIDAR to characterise elevation change at human 

grave surfaces in support of narrowing down possible unmarked grave 

locations. Forensic Science International, 289, 320-328. 

Corrado, M.L. 2010. The Future of Adversarial Systems: An introduction to the 

papers from the first conference. North Carolina Journal of International Law 

and Commercial Regulation. 35 (2), 285-296. 

Corrêa, R., Almeida, L. and Moura, M. 2014. Coleoptera associated with buried 

carrion: potential forensic importance and seasonal composition. Journal of 

Medical Entomology. 51 (5), 1057-1066. 

Corrieri, B. and Márquez-Grant, N. 2015. What do bones tell us? The study of 

human skeletons from the perspective of forensic anthropology. Science 

Progress. 98 (4), 391-402. 

Courtney, F.M. and Trudgill, S.T. 1976. The soil: An introduction to soil study. 

2nd Edition. Reading: Edward Arnold. 

Cownie, F., Bradney, A. and Burton, M. 2013. English Legal System in Context. 

6th Edition. Oxford: Oxford University Press.  

Cox, M., Flavel, A. and Hanson, I. 2008. Introduction and Context. In: Cox, M., 

Flavel, A., Hanson, I., Laver, J. and Wessling, R. (eds). The scientific 

investigation of mass graves: Towards protocols and standard operating 

procedures. Cambridge: Cambridge University Press, 1-35. 

Cox, M.J. 2001. Forensic archaeology: A United Kingdom perspective. In: 

Godwin, M. (ed). Criminal Psychology and Forensic Technology: A 

Collaborative Approach to Effective Profiling. Boca Raton: CRC Press, 1-14. 

Coyle, H.M., Ladd, C., Palmbach, T. and Lee, H.C. 2001.The green revolution: 

Botanical contributions to forensic and drug enforcement. Croatia Medical 

Journal. 42 (3), 340-345. 

Coyle, H.M., Lee, C.L., Lin, W.Y., Lee, H.C. and Palmbach, T.M. 2005. Forensic 

Botany: Using plant evidence to aid in forensic death investigations. Croatian 

Medical Journal. 46 (4), 606-612.  



157 
 

CPS. 2022. Legal Guidance: Expert Evidence. Available online at: 

https://www.cps.gov.uk/legal-guidance/expert-evidence [06/12/2022]. 

Crook, J.R. 2004. The International Court of Justice and Human Rights. 

Northwestern Journal of International Human Rights. 1 (1).  

Cryer, R., Friman, H., Robinson, D. and Wilmshurst, E. (2014). An Introduction 

to International Criminal Law and Procedure. 3rd Edition. Cambridge: 

Cambridge University Press.  

Cueto-Rua, J.C. 1977. The future of the Civil Law. Louisiana Law Review. 37 

(3), 645-679. 

Curry, A. and Foard, G. 2016. Where are the dead of medieval battles? A 

preliminary study. Journal of Conflict Archaeology. 11 (2-3), 61-77. 

Cutler, B.L. and Penrod, S.D. 1995. Mistaken Identification: The eyewitness, 

psychology, and the law. New York: Cambridge University Press. 

Dainow, J. 1967. The civil law and the common law: Some points of 

comparison. The American Journal of Comparative Law. 15 (3), 419-435. 

Dalan, R.A., De Vore, S.L. and Clay, R.B. 2010. Geophysical identification of 

unmarked historic graves. Geoarchaeology: An International Journal. 25 (5), 

572-601.  

Damann, F.E. and Carter, D.O. 2014. Human decomposition ecology and 

postmortem microbiology. In: Pokines, J. and Symes, S.A. (eds). Manual of 

Forensic Taphonomy. Boca Raton: CRC Press, 37-50.  

Damann, F.E., Williams, D.E. and Layton, A.C. 2015. Potential use of bacterial 

community succession in decaying human bone for estimating postmortem 

interval. Journal of Forensic Sciences. 60, 844-850. 

Damiata, B.N., Steinberg, J.M., Bolender, D.J. and Zoëga, G. 2013. Imaging 

skeletal remains with ground-penetrating radar: Comparative results over two 

graves from Viking Age and Medieval churchyards on the Stóra-Seyla farm, 

Northern Ireland. Journal of Archaeological Sciences. 40, 268-278. 

Darbyshire, P. 2014. Darbyshire on the English Legal System. 11th Edition. 

London: Sweet & Maxwell.  



158 
 

Dargan, R. and Forbes, S.L. 2021. Cadaver-detection dogs: A review of their 

capabilities and the volatile organic compound profile of their associated training 

aids. WIREs Forensic Science. 3, e1409. 

Darvill, T. 2021. The concise Oxford dictionary of archaeology. 3rd Edition. 

Oxford: Oxford University Press. 

Darvill, T., Barrass, K., Constant, V., Milner, E. and Russell, B. 2019. 

Archaeology in the PPG16 Era: Investigations in England 1990-2010. Oxford: 

Oxbow Books.  

Davenport, G.C. 2017. Remote sensing technology in forensic investigations: 

Geophysical techniques to locate clandestine graves and hidden evidence. 

Boca Raton: CRC Press.  

Day, L.E. and Reilly, T. 2005. The International Criminal Court: A guide for 

criminal justice educators. Journal of Criminal Justice Education. 16 (2), 359-

378. 

DCMS. 2005. Guidance for the care of human remains in museums. London: 

Department of Culture, Media and Sport. 

Decker, K.T. and Borghetti, B.J. 2022. Composite Style Pixel and Point 

Convolution-Based Deep Fusion Neutral Network Architecture for the Semantic 

Segmentation of Hyperspectral and Lidar Data. Remote Sensing. 14, 2113. 

Dekeirsschieter, J., Stefanuto, P.H., Brasseur, C., Haubruge, E. and Focant, 

J.F. 2012. Enhanced characterisation of the smell of death by comprehensive 

two-dimensional gas chromatography – time-of-flight mass spectrometry 

(GCxGC-TOFMS). PLoS One. 7 (6), e39005. 

Delmas-Marty, M. 2006. Interactions between National and International 

Criminal Law in the Preliminary Phase of Trial at the ICC. Journal of 

International Criminal Justice. 4, 2-11. 

Denham, P. 1983. A Modern Introduction to Law. London: Edward Arnold 

Publishers Ltd. 

Dent, B.B., Forbes, S.L. and Stuart, B.H. 2004. Review of human 

decomposition processes in soil. Environmental Geology. 45, 576-585. 



159 
 

Department of Justice. 2021. The Enforcement of Judgements Office. Available 

Online at: https://www.justice-ni.gov.uk/articles/enforcement-judgments-office 

[Accessed: 09/10/2021]. 

Department of the Environment. 1990. Planning Policy Guidance: Archaeology 

and Planning No 16. London: Department of the Environment. 

DesMarais, A.M. 2014. Detection of cadaveric remains by thermal imaging 

cameras. Journal of Forensic Identification. 64 (5), 489-510.  

Dick, H.C., Pringle, J.K., Wisniewski, K.D., Goodwin, J., van der Putten, R., 

Evans, G.T., Francis, J.D., Cassella, J.P. and Hansen, J.D. 2017. Determining 

geophysical responses from burials in graveyards and cemeteries. Geophysics. 

82 (6), B245-B255. 

Dickson, B. 2004. A Constitutional Court for Northern Ireland. In: Le Sueur, A. 

(ed). Building the UK’s New Supreme Court: National and Comparative 

Perspectives. Oxford: Oxford University Press, 49-66. 

Dilley, R. 2005. Legal Matters. In: Hunter, J.R. and Cox, M. (eds). Forensic 

Archaeology: Advances in Theory and Practice. Oxon: Routledge, 177-203. 

Dirkmaat, D.C. and Adovasio, J.M. 1997. The role of archaeology in the 

recovery and interpretation of human remains from an outdoor forensic setting. 

In: Haglund, W.D. and Sorg, M.H. (eds). Forensic taphonomy: The postmortem 

fate of human remains. Boca Raton: CRC Press, 39-64. 

Dirkmaat, D.C. and Cabo, L.L. 2015. Forensic Anthropology: Embracing the 

New Paradigm. In: Dirkmaat, D.C. (ed). A Companion to Forensic Anthropology. 

Chichester: John Wiley and Sons Ltd, 3-40. 

Dong, P. and Chen, Q. 2017. Lidar remote sensing and applications. Boca 

Raton: CRC Press.  

Donnelly, L. and Harrison, M. 2013. Geomorphological and geoforensic 

interpretation of maps, aerial imagery, conditions of diggability and the colour-

coded RAG prioritisation system in searches for criminal burials. In: Pirrie, D., 

Ruffell, A., and Dawson, L.A. (eds). Environmental and Criminal Geoforensics. 

London: Geological Society, 173-194. 



160 
 

Donnelly, L.J. and Harrison, M. 2017. Ground searches for graves and buried 

targets related to homicide, terrorism and organised crime. International Union 

of Geological Sciences. 40 (2), 106-117. 

Drewett, P. 1999. Field archaeology: An introduction. London: UCL Press.  

Du Plessis, J. 2006. Comparative law and the study of mixed legal systems. In: 

Reimann, M. and Zimmermann, R. (eds). The Oxford Handbook of Comparative 

Law. Oxford: Oxford University Press, 478-514. 

Dubois, L.M., Stefanuto, P.H., Heudt, L., Focant, J.F. and Perrault, K.A. 2018. 

Characterising decomposition odour from soil and adipocere samples at a death 

scene using HS-SPME-GCxGC-HRTOFMS. Forensic Chemistry. 8, 11-20.  

Duday, H. 1978. Archaeolgie funeraire et anthropologie. Cahiers d’ 

Anthropologie. 1, 55-101.  

Duday, H. 1985. Methods of study of burials: Saint-Germain-en-Laye. Les 

Nouvelles de I’Archeologie. 20, 116-118. 

Duffy, A. 2018. Bearing witness to atrocity crimes: Photography and 

International Law. Human Rights Quarterly. 40 (4), 776-814. 

Dunbar, C.O. 1958. Principles of Stratigraphy. New York: John Wiley & Sons, 

Inc.  

Dunbar, M. and Murphy, T.M. 2009. DNA analysis of natural fibre rope. Journal 

of Forensic Science. 54, 1-6.  

Dupras, T.L., Schultz, J.J., Wheeler, S.M. and Williams, L.J. 2012. Forensic 

Recovery of Human Remains: Archaeological Approaches. 2nd Edition. Boca 

Raton: CRC Press.  

Duve, T. 2018. Legal tradition: A dialogue between comparative law and 

comparative legal history. Comparative Legal History, 6(1), 15-33. 

Efremov, I.A. 1940. Taphonomy: A new branch of palaeontology. Pan-American 

Geologist. 74, 81-93. 

Ekštajn, H., Kružić, I. and Bašić. Z. 2021. Forensic investigation of a mass 

grave at Ovčara, near Vukovar, of victims killed by the Serbian army in 1991. 

ST-Open. 2, e2021.2013.35. 



161 
 

Embley, J., Goodchild, P., Shephard, C. and Slorach, S. 2020. Legal Systems & 

Skills: Learn, Develop, Apply. 4th Edition. Oxford: Oxford University Press. 

Emmons, A.L., Deel, H., Davis, M. and Metcalf, J.L. 2022. Soft tissue 

decomposition in terrestrial ecosystems. In: Pokines, J.T., L’Abbé, E.N. and 

Symes, S.A. (eds). Manual of Forensic Taphonomy. 2nd Edition. Boca Raton: 

CRC Press, 41-77.  

English Heritage. 1995. The Register of Historic Battlefields. London: English 

Heritage. 

Ensminger, J.J and Papet, L.E. 2012. Cadaver dogs. In: Ensminger, J.J. (ed). 

Police and Military Dogs: Criminal detection, forensic evidence, and judicial 

admissibility. Boca Raton: CRC Press.  

Erdtman, G. 1969. Handbook of Palynology: An introduction to the study of 

pollen grains and spores. Hafner: New York.  

Evers, R. and Masters, P. 2018. The application of low-altitude near-infrared 

aerial photography for detecting clandestine burials using a UAV and low-cost 

unmodified digital camera. Forensic Science International. 289, 408-418. 

Evis, L. 2016. Forensic Archaeology: The Application of Comparative 

Excavation Methods and Recording Systems. Oxford: Archaeopress Publishing 

LTD.  

Evis, L.H., Hanson, I. and Cheetham, P.N. 2016. An experimental study for two 

grave excavation methods: Arbitrary Level Excavation and Stratigraphic 

Excavation. Star: Science and Technology of Archaeological Research. 2 (2), 

177-191.  

Farswan, Y.S. and Nautiyal, V. 1997. Investigation of phosphorus enrichment in 

the burial soil of Kumaun, Mid-Central Himalaya, India. Journal of 

Archaeological Science. 24, 251-258. 

Fassbender, B. and Peters, A. 2012. Introduction: Towards a Global History of 

International Law. In: Fassbender, B., and Peters, A. (eds). The Oxford 

handbook of the History of International Law. Oxford: Oxford University Press.   

Fenning, P.J. and Donnelly, L.J. 2004. Geophysical Techniques for Forensic 

Investigations. In: Pye, K. and Croft, D.J. (eds). Forensic Geoscience: 



162 
 

Principles, Techniques and Applications. London: Geological Society Special 

Publications. 232, 11-20.  

Ferrándiz, F. and Baer, A. 2008. Digital Memory: The visual recording of mass 

grave exhumations in contemporary Spain. Forum: Qualitative Social Research. 

9 (3). 

Fichtelberg, A. 2008. Crime without Borders: An Introduction to International 

Criminal Justice. New Jersey: Pearson Education.  

Fiedler, S. and Graw, M. 2003. Decomposition of buried corpses, with special 

reference to the formation of adipocere. Naturwissenschaften. 90, 291-300.   

Fiedler, S., Illich, B., Berger, J. and Graw, M. 2009. The effectiveness of 

ground-penetrating radar surveys in the location of unmarked burial sites in 

modern cemeteries. Journal of Applied Geophysics. 68, 380-385. 

Finch, E. and Fafinski, S. 2017. English Legal System. 6th Edition. Harlow: 

Pearson Education Limited.  

Finley, S.J., Pechal, J.L., Benbow, M.E., Robertson, B.K. and Javan, G.T. 2016. 

Microbial signatures of cadaver grave soil during decomposition. Microbial 

Ecology. 71, 524-529. 

Fiorato, V. 2007. The context and the discovery. In: Fiorato, V., Boylston, A. and 

Knüsel, C. (eds). Blood Read Roses: The Archaeology of a Mass Grave from 

the Battle of Towton AD 1461. Oxford: Oxbow Books, 1-14. 

Fitzpatrick, R.W. 2008. Nature, Distribution, and Origin of Soil Materials in the 

Forensic Comparison of Soils. In: Tibbett, M. and Carter, D.O. (eds). Soil 

Analysis in Forensic Taphonomy: Chemical and Biological Effects of Buried 

Human Remains. Boca Raton: CRC Press.  

Foard, G. 1977. Systematic fieldwalking and the investigation of Saxon 

settlements in Northampton. World Archaeology. 9 (3), 357-374. 

Forbes, S.L. 2008. Decomposition chemistry in a burial environment. In: Tibbett, 

M. and Carter, D. (eds). Soil analysis in forensic taphonomy: Chemical and 

biological effects of buried human remains. Boca Raton: CRC Press, 225-246.  



163 
 

Forbes, S.L. and Dadour, I. 2010. The soil environment and forensic 

entomology. In: Byrd, J.H. and Castner, J.L. (eds). Forensic Entomology: The 

utility of arthropods in legal investigations. Boca Raton: CRC Press, 407-426. 

Forbes, S.L., Perrault, K.A. and Comstock, J.L. 2017. Microscopic post-mortem 

changes: The chemistry of decomposition. In: Schotsmans, E.M.J., Márquez-

Grant, N. and Forbes, S.L. (eds). Taphonomy of Human Remains: Forensic 

analysis of the dead and the depositional environment. Chichester: John Wiley 

& Sons Ltd, 26-38.  

Fournet, C. and Groningen, R. 2020. Face to face with horror’: The Tomašica 

mass grave and the trial of Ratko Mladic. Human Remains and Violence. 6 (2), 

23-41. 

France, D.L., Griffin, T.J., Swanburg, J.G., Lindemann, J.W., Davenport, G.C., 

Trammell, V., Armbrust, C.T.,  Kondratieff, B., Nelson, A., Castellano, K. and 

Hopkins, D.A. 1992. A multidisciplinary Approach to the detection of clandestine 

graves. Journal for Forensic Sciences. 37 (6), 1445-1458.  

Frei, M. 1982. Nine years of palynological studies on the Shroud. Shroud 

Spectrum International. 3, 3-7.  

Friesendorf, C. 2012. International Intervention and the use of Force: Military 

and the Police. London: Ubiquity Press Ltd.  

Gaffney, C. and Gater, J. 2003. Revealing the buried past: Geophysics for 

archaeologists. Stroud: Tempus Publishing Ltd.  

Gaffney, C., Gater, J. and Ovenden, S. 2002. The use of geophysical 

techniques in archaeological evaluations. IFA Paper No.6. Reading: Institute of 

Field Archaeologists.  

Gallant, K.S. 2003. The International Criminal Court in the System of States and 

International Organisations. Leiden Journal of International Law. 16, 553-591. 

Galloway, A., Birkby, W.H., Kahana, T. and Fulginiti, L. 1990. Physical 

Anthropology and the Law: Legal responsibilities of Forensic Anthropologists. 

Yearbook of Physical Anthropology. 33, 39-57. 



164 
 

García-López, Z., Cortizas, A.M., Alvarez-Fernández, N. and López-Costas, O. 

2022. Understanding necrosol pedogenetical processes in post-Roman burials 

developed on dunes sand. Scientific Reports. 12 (10619), 1-12.  

Gardiner, R.K. 2003. International Law. Essex: Pearson Education Limited.  

Garland, A.N. and Janaway, R.C. 1987. The taphonomy of inhumation burials. 

In: Roberts, C.A., Lee, F. and Bintliff, J. (eds). Burial Archaeology Current 

Research, Methods and Developments. Oxford: University of London, British 

Archaeological Reports International, series 211, 14-38. 

Geberth, V.J. 2006. Practical homicide investigation tactics, procedures, and 

forensic techniques. 4th Edition. Boca Raton: CRC Press.  

Gerrard, C., Aston, M., Gidney, L., Gutierrez, A. and King, A. 2007. 

Archaeological Surveying – 3.3 Fieldwalking. In: Gerrard, C. and Aston, M. 

(eds.). The Shapwick Project, Somerset. A Rural Landscape Explored. The 

Society for Medieval Archaeology Monograph 25. Leeds: The Society for 

Medieval Archaeology, 124-177. 

Ghandhi, S. 2011. Human Rights and the International Court of Justice: The 

Ahmadou Sadio Diallo Case. Human Rights Law Review. 11 (3), 527-555. 

Ghanem, M. and Sobh, Z.K. 2021. Crime Scene Searching: An exploration for 

forensic evidence. In: Singh, J. and Sharma, N.R. (eds). Crime scene 

management within forensic science. Singapore: Springer, 37-50. 

Gillespie, A. and Weare, S. 2021. The English Legal System. 8th Edition. 

Oxford: Oxford University Press.  

Gill-King, H. 1997. Chemical and ultrastructural aspects of decomposition. In: 

Haglund, W.D. and Sorg, M.H. (eds). Forensic taphonomy: The postmortem 

fate of human remains. Boca Raton: CRC Press. 93-108. 

Glavaš, V. and Pintar, A. 2019. Human remains detection dogs as a new 

prospecting method in archaeology. Journal of Archaeological Method and 

Theory. 26, 1106-1124. 

Glenn, H.P. 2014. Legal Traditions of the World: Sustainable diversity in law. 5th 

Edition. Oxford: Oxford University Press.  



165 
 

Goff, M.L. 1993. Estimation of postmortem interval using arthropod 

development and successional patterns. Forensic Science Review. 5 (2), 82-93. 

Goff, M.L. 2009. Early postmortem changes and stages of decomposition in 

exposed cadavers. Experimental and Applied Acarology. 49, 21-26.  

Goodall, K. 2004. Ideas of Representation in UK Court Structures. In: Le Sueur, 

A. (ed). Building the UK’s New Supreme Court: National and Comparative 

Perspectives. Oxford: Oxford University Press, 67-94. 

Goodbrod, J.R. and Goff, M.L. 1990. Effects of larval population density on 

rates of development and interactions between two species of Chrysomya 

(Diptera Calliphoridae) in laboratory culture. Journal of Medical Entomology. 27 

(3), 338-343. 

Goodrich, L.M., Hambro, E. and Simons, A.P. 1969. Charter of the United 

Nations: Commentary and Documents. 3rd Revised Edition. Colombia: 

Colombia University Press.  

Gow Calabresi, S. 2021. The History and Growth of Judicial Review: The G-20 

Common Law Countries and Israel. Volume I. New York: Oxford University 

Press.  

Grant, J., Gorin, S. and Fleming, N. 2008. The Archaeology Coursebook: An 

introduction to themes, sites, methods and skills. 3rd Edition. London: 

Routledge.  

Grebenkemper, J., Morris, A., Byrd, B.F. and Engbring, L. 2021. Applying 

canine detection in support of collaborative archaeology. Advances in 

Archaeological Practice. 9 (3), 226-237.  

Green, L.C. 2003. International Regulation of Armed Conflict. In: Bassiouni, 

M.C. (ed). International Criminal Law. 2nd Edition. New York: Transnational 

Publishers.  

Greene, K. 2002. Archaeology: An introduction. 4th Edition. London: Routledge.  

Greene, K. and Moore, T. 2010. Archaeology: An Introduction. 5th Edition. 

Oxon: Routledge. 



166 
 

Gregory, I.N. 2003. A Place in History: A guide to using GIS in historical 

research. Oxford: Oxbow Books.  

Griffiths, K., Krosch, M.N. and Wright, K. 2020. Variation in decomposition 

stages and carrion insect succession in a dry tropical climate and its effect on 

estimating postmortem interval. Forensic Sciences Research. 5 (4), 327-335. 

Gruber, B., Groeger, T., Harrison, D. and Zimmermann, R. 2016. Vacuum 

ultraviolet absorption spectroscopy in combination with comprehensive two-

dimensional gas chromatography for the monitoring of volatile organic 

compounds in breath gas: A feasibility study. Journal of Chromatography A. 

1464, 141–146. 

Guilfoyle, D. 2016. International Criminal Law. Oxford: Oxford University Press.  

Gunn, A. and Bird, J. 2011. The ability of blowflies Calliphora vomitoria 

(Linnaeus), Calliphora vicine (Rob-Desvoidy) and Lucilia sericata 

(Meigen)(Diptera: Calliphoridae) and the muscid flies Muscina stabulans 

(Fallén) and Muscina prolapsa (Harris)(Diptera: Muscidae) to colonise buried 

remains. Forensic Science International. 207 (1-3), 198-204. 

Guyomarc'h, P. and Congram, D. 2017. Mass Fatalities, Mass Graves, and the 

Forensic Investigation of International Crimes. In: Langley, N.R. and Tersigni-

Tarrant, M.A. (eds). Forensic Anthropology: A Comprehensive Introduction. 2nd 

Edition. Boca Raton: CRC Press, 335-345. 

Haecker, C.M., Scott, D.D. and Severus, P. 2019. Metal detection, an essential 

remote sensing approach for historical archaeologists. Reviews in Colorado 

Archaeology. 2 (1), 1-17. 

Haglund, W.D. 2001. Archaeology and forensic death investigations. Historical 

Archaeology. 35, 26-34.  

Haglund, W.D. and Sorg, M.H. 1997. Introduction to forensic taphonomy. In: 

Haglund, W.D. and Sorg, M.H. (eds). Forensic Taphonomy: The postmortem 

fate of human remains. Boca Raton: CRC Press, 1-9. 

Haglund, W.D. and Sorg, M.H. 2002. Advances in Forensic Taphonomy: 

Method, theory, and archaeological perspectives. Boca Raton: CRC Press.  



167 
 

Haglund, W.D., Connor, M. and Scott, D.D. 2001. The Archaeology of 

Contemporary Mass Graves. Historical Archaeology. 35 (1), 57-69. 

Hall, D.W. 1997. Forensic Botany. In: Haglund, W.D. and Sorg, M.H. (eds). 

Forensic Taphonomy: The postmortem fate of human remains. Boca Raton: 

CRC Press, 353-366. 

Hall, R.W. 1982. Efficient Spiral Search in Bounded Spaces. IEEE: 

Transactions on Pattern Analysis and Machine Intelligence. 4 (2), 208-215.  

Hammon, W.S., McMechan, G.A. and Zeng, X. 2000. Forensic GPR: Finite-

difference simulations of responses from buried human remains. Journal of 

Applied Geophysics. 45, 171-186. 

Hansel, C. M., Fendorf, S., Jardine, P.M. and Francis, C.A. 2008. Changes in 

bacterial and archaeal community structure and functional diversity along a 

geochemically variable soil profile. Applied Environmental Microbiology. 74, 

1620-1633. 

Hansen, J.D., Pringle, J.K. and Goodwin, J. 2014. GPR and bulk ground 

resistivity surveys in graveyards: Locating unmarked burials in contrasting soil 

types. Forensic Science International. 237, e14-e29. 

Hanson, I. 2004. The importance of stratigraphy in forensic investigation. In: 

Pye, K. and Croft, D.J. (eds). Forensic Genocide: Principles, Techniques and 

Applications. London: Geological Society. 39- 47. 

Hanson, I. 2015. Forensic archaeology and the International Commission on 

Missing Persons: Setting standards in an integrated process. In: Groen, W.J.M., 

Márquez-Grant, N. and Janaway, R.C. (eds). Forensic Archaeology: A Global 

Perspective. West Sussex: John Wiley & Sons Ltd, 415-425. 

Hanson, I. 2016. Mass Grave Investigation and Identification Missing Persons: 

Challenges and Innovations in Archaeology and Anthropology in the Context of 

Mass Death Environments. In: Morewitz, S.J. and Sturdy Colls, C. (eds). 

Handbook of Missing Persons. Cham, Springer International Publishing, 491-

514. 

Hanson, I., Rizviş, A. and Parsons, T.J. 2015. Bosnia and Herzegovina: 

Forensic archaeology in support of national and international organisations 



168 
 

undertaking criminal investigations and identifying the missing from 1996 to 

2013. In: Groen, W.J.M., Márquez-Grant, N. and Janaway, R.C. (eds). Forensic 

Archaeology: A Global Perspective. West Sussex: John Wiley & Sons Ltd, 19-

31.  

Harris, E.C. 1975. The Stratigraphic Sequence: A question of time. World 

Archaeology. 7 (1), 109-121.  

Harris, E.C. 1979a. Principles of Archaeological Stratigraphy. London: 

Academic Press Inc.  

Harris, E.C. 1979b. The Laws of Archaeological Stratigraphy. World 

Archaeology. 11 (1), 111-117.  

Harris, E.C. 1989. Principles of Archaeological Stratigraphy. 2nd Edition. 

London: Academic Press Inc.  

Harris, E.C., Brown, M.R., and Brown, G.J. 1993. Practices of Archaeological 

Stratigraphy. London: Academic Press Limited.  

Harris, H.A. and Lee, H.C. 2019. Introduction to forensic science and 

criminalistics. 2nd Edition. Boca Raton: CRC Press.  

Harris, P. 2007. An Introduction to Law. 7th Edition. Cambridge: Cambridge 

University Press.  

Haslam, T.C.F. and Tibbett, M. 2009. Soils of Contrasting pH Affect the 

Decomposition of Buried Mammalian (Ovis aries) Skeletal Muscle Tissue. 

Journal of Forensic Sciences. 54 (4), 900-904. 

Hau, T.C., Hamzah, N.H., Lian, H.H. and Hamzah, S.P.A.A. 2014. 

Decomposition process and post mortem changes: Review. Sains Malaysiana. 

43 (12), 1873-1882. 

Hauther, K.A., Cobaugh, K.L., Jantz, L.M., Sparer, T.E. and DeBruyn, J.M. 

2015. Estimating time since death from postmortem human gut microbial 

communities. Journal of Forensic Sciences. 60, 1234-1240. 

Hayman, J. and Oxenham, M. 2016. Supravital reactions in the estimation of 

the time since death (TSD). In: Hayman, J. and Oxenham, M. (eds). Human 

Body Decomposition. London: Academic Press, 1-12. 



169 
 

He, T. and Zhao, K. 2018. Multispectral remote sensing land use classification 

based on RBF neural network with parameters optimised by genetic algorithms. 

2018 International Conference on Sensor Networks and Signal Processing 

(SNSP) SNSP Sensor Networks and Signal Processing (SNSP), 118-123. 

Henderson, J. 1987. Factors determining the state of preservation of human 

remains. In: Boddington, A., Garland, A.N. and Janaway, R.C. (eds). Death, 

decay and reconstruction: Approaches to archaeology and forensic science. 

Manchester: Manchester University Press, 43-54. 

Hernandez, V. 2013. Painful search for Argentina's disappeared. Available 

online at: https://www.bbc.co.uk/news/world-latin-america-21884147 [Accessed: 

27/11/2020]. 

Herring, J. 2021. Criminal Law. 12th Edition. London: Macmillan Education 

Limited. 

Herrmann, D.L., Schifman, L.A. and Shuster, W.D. 2018. Widespread loss of 

intermediate soil horizons in urban landscapes. PNAS. 115 (26), 6751-6755. 

Herz, N. and Garrison, E.G. 1998. Geological methods for archaeology. Oxford: 

Oxford University Press.  

Hester, T.J., Shafer, H. and Feder, K. 2008. Field methods in archaeology. 7th 

Edition. Walnut Creek: Left Coast Press.  

Hester, T.R., Heizer, R.F. and Graham, J.A. 1975. Field Methods in 

Archaeology. Palo Alto: Mayfield Press.  

Higgins, R. 1994. Problems and Processes: International Law and how we use 

it. Oxford: Clarendon Press. 

Hinz, M.O. 2012. The ascertainment of customary law: What is ascertainment of 

customary law and what is it for? The experience of the Customary Law 

Ascertainment Project in Namibia. Oñati Socio-legal Series. 2 (7), 85-105. 

Hirschfield, A. and Bowers, K. 2001. Mapping and analysing crime data lessons 

for research and practice. London: Taylor and Francis.  

Historic England. 2018. Using Airborne Lidar in Archaeological Survey: The 

Light Fantastic. Swindon: Historic England.  



170 
 

Historic England. 2021. Areas of Archaeological Importance. Available online at: 

https://historicengland.org.uk/advice/hpg/has/archaeologicalimportance/#(1) 

[Accessed: 20/10/2021]. 

Historic England. 2023. Geophysical Techniques. Available online at: 

https://historicengland.org.uk/research/methods/terrestrial-remote-

sensing/geophysical-techniques/ [Accessed: 29/05/2023]. 

Hochrein, M. 1997. The dirty dozen: The recognition and collection of tool 

marks in the forensic geotaphonomic record. Journal of Forensic Identification. 

47, 171-198. 

Hochrein, M. 2002a. An autopsy of the grave: Recognising, collecting and 

preserving forensic geotaphonomic evidence. In: Haglund, D.W. and Sorg, M.H. 

(eds). Advances in Forensic Taphonomy: Method, Theory and Archaeological 

Perspectives. Boca Raton: CRC Press, 45-70.  

Hochrein, M. 2002b. Introducing geotaphonomy to the archaeologist and crime 

scene reconstructionist. Indiana: Ninth Annual Meeting of the Midwest 

Bioarchaeology and Forensic Anthropology Association.  

Hochrein, M.J. 1997. The dirty dozen: the recognition and collection of tool 

marks in the forensic geotaphonomic record. Journal of Forensic Identification. 

47, 171-198. 

Hodgson, J. 2005. French Criminal Justice: A comparative account of the 

investigation and prosecution of crime in France. Oxford: Hart Publishing.  

Hoffman, E.M., Curran, A. M., Dulgerian, N., Stockham, R.A. and Eckenrode, 

B.A. 2009. Characterisation of volatile organic compounds present in the 

headspace of decomposing human remains. Forensic Science International. 

186, 6-13. 

Holland, T.D. and Connell, S.V. 2016. The search for detection of human 

remains. In: Morewitz, S.J. and Sturdy Colls, C. (eds). Handbook of Missing 

Persons. Cham: Springer International Publishing, 129-140.  

Hopkins, D.W., Wiltshire, P.E.J. and Turner, B.D. 2000. Microbial characteristics 

of soils from graves: An investigation at the interface of soil microbiology and 

forensic science. Applied Soil Ecology. 14, 283-288. 



171 
 

Hordijk, C.A., Burges, I., Phylipsen, G.J.M. and Cappenberg, T.E. 1990. Trace 

determination of lower volatile fatty acids in sediments by gas chromatography 

with chemically bonded FFAP columns. Journal of Chromatography A. 511, 

317-323. 

Hunter, J. and Cox, M. 2005. Forensic Archaeology: Advances in Theory and 

Practice. Oxon: Routledge.  

Hunter, J., Simpson, B. and Sturdy Colls, C. 2013. Forensic Approaches to 

Buried Remains. West Sussex: John Wiley & Sons, Ltd. 

Hunter, J.R. 2014. Human Remains Recovery: Archaeological and forensic 

perspectives. In: Smith, C. (ed). Encyclopaedia of Global Archaeology. New 

York: Springer, 3549-3555. 

Hunter, J.R. and Martin, A.L. 1996. Locating Buried Remains. In: Hunter, J., 

Roberts, C. and Martin, A. (eds). Studies in Crime: An introduction to forensic 

archaeology. Oxon: Routledge, 86-100.  

ICMP. 2022. ICMP finds improved methods for locating mass graves. Available 

online at: https://www.icmp.int/press-releases/icmp-finds-improved-methods-for-

locating-mass-graves/ [Accessed: 10/10/2022].  

ICRC. 2006. The Missing: ICRC Progress Report. Geneva: International 

Committee of the Red Cross.  

International Criminal Court. 2011. Rome Statute of the International Criminal 

Court. The Hague: International Criminal Court.  

International Criminal Court. 2021a. Understanding the International Criminal 

Court. The Hague: International Criminal Court. 

International Criminal Court. 2021b. The States Parties to the Rome Statute. 

Available online at: https://asp.icc-

cpi.int/en_menus/asp/states%20parties/pages/ the%20states% 20parties% 

20to%20 the %20rome%20statute.aspx [Accessed: 07/07/2021]. 

Ioan, B.G., Manea, C., Hanganu, B., Statescu, L., Solovastru, L.G. and 

Manoilescu, I. 2017. The chemistry decomposition in human corpses. Revista 

de Chimie. 68 (6), 1352-1356. 



172 
 

IOM. 2014. Fatal Journeys: Tracking Lives Lost during Migration. Geneva: 

International Organisation for Migration.  

Janaway, R.C. 1996. The decay of buried human remains and their associated 

materials. In: Hunter, J., Roberts, C. and Martin, A. (eds). Studies in Crime: An 

introduction to forensic archaeology. Oxon: Routledge, 58-85.  

Janaway, R.C. 2015. Forensic archaeology in the United Kingdom and quality 

assurance. In: Groen, W.J.M., Márquez-Grant, N. and Janaway, R.C. (eds). 

Forensic Archaeology: A Global Perspective. West Sussex: John Wiley & Sons 

Ltd, 197-206. 

Janaway, R.C., Percival, S.L. and Wilson, A.S. 2009. Decomposition of Human 

Remains. In: Percival, S.L. (ed). Microbiology and Aging. New York: Springer, 

313-334. 

Janoušek, J., Jambor, V., Marcoň, P., Dohnal, P., Synková, H. and Fiala, P. 

2021. Using UAV-based photogrammetry to obtain correlation between the 

vegetation indices and chemical analysis of agricultural crops. Remote Sensing. 

13, 1878, 5-23.  

Jefferson, M. 2015. Criminal Law. 12th Edition. Harlow: Pearson Education 

Limited.  

Jessee, E. and Skinner, M. 2005. A typology of mass grave and mass grave-

related sites. Forensic Science International. 152, 55-59. 

Jꬱger, J.H. 2012. Mass Grave or Communal Burial? A Discussion of 

Terminology. Available from: https://www.researchgate.net/publication/ 

259591624_Mass_grave_or_communal_burial_ A_discussion_of_terminology 

[Accessed: 10/03/2020]. 

Jia, L., Li, M., Zhang, P., Wu, Y. and Zhu, H. 2016. SAR image change 

detection based on multiple kernel k-means clustering with local neighbourhood 

information. IEEE: Geoscience and Remote Sensing Letters. 13 (6), 856-860. 

Joseph, I., Matthew, D.G., Sathyan, P. and Vergheese, G. 2011. The use of 

insects in forensic investigations: An overview on the scope of forensic 

entomology. Journal of Forensic Dental Sciences. 3 (2), 89-91. 



173 
 

Joshi, S. 2021. Study of decomposition of a body in various climatic conditions. 

International Medico-Legal Reporter Journal. 36-42.  

Jousten, M. 2010. Legal Traditions. In: Natarajan, M. (ed). International Crime 

and Justice. Cambridge: Cambridge University Press, 67-74.  

Joy, J.E., Liette, N.L. and Harrah, H.L. 2006. Carrion fly (Diptera: Calliphoridae) 

larval colonisation of sunlight and shaded pig carcasses in West Virginia, USA. 

Forensic Science. 164 (2), 183-192. 

Judiciary NI. 2021. The Court Structure in Northern Ireland. Available Online at: 

https://www.judiciaryni.uk/sites/judiciary-ni.gov.uk/files/media-

files/Court%20Structure%20in%20Northern%20Ireland_0.pdf [Accessed: 

09/10/2021]. 

Jugo, A. and Wastell, S. 2015. Disassembling the pieces, reassembling the 

society: The forensic and political lives of secondary mass graves in Bosnia and 

Herzegovina. In: Anstett, E. and Dreyfus, J.M. (eds). Human remains and 

identification: Mass violence, genocide and the ‘forensic turn’. Manchester, 

Manchester University Press, 142-174. 

Junkins, E.N. and Carter, D.O. 2017. Relationships between human remains, 

graves and the depositional environment. In: Schotsmans, E.M.J., Márquez-

Grant, N. and Forbes, S.L. (eds). Taphonomy of Human Remains: Forensic 

analysis of the dead and the depositional environment. Chichester: John Wiley 

& Sons Ltd, 145-154.  

Kaczorowska-Ireland, A. 2015. Public International Law. 5th Edition. Oxon: 

Routledge.  

Kalacska, M., Sanchez-Azofeifa, G.A., Rivard, B., Calvo-Alvarado, J.C. and 

Quesada, M. 2008. Baseline assessment for environmental services payments 

from satellite imagery: A case study from Costa Rica and Mexico. Journal of 

Environmental Management. 88 (2), 348-359.   

Kalacska, M.E., Bell, L.S., Sanchez-Azofeifa. G.A. and Caelli, T. 2009. The 

Application of Remote Sensing for Detecting Mass Graves: An Experimental 

Animal Case Study from Costa Rica. Journal of Forensic Sciences. 54 (1), 159-

166. 



174 
 

Kelsen, H. 1946. Membership in the United Nations. Colombia Law Review 

Association. 46 (3), 391-411. 

Killam, E.W. 2004. The Detection of Human Remains. Second Edition. 

Springfield: Charles C Thomas. 

Kiralfy, A.K.R. 1990. The English Legal System. 8th Edition. London: Sweet and 

Maxwell. 

Kittichaisaree, K. 2001. International Criminal Law. Oxford: Oxford University 

Press. 

Klinker, M. and Smith, E. 2021. Academic commentary to the Bournemouth 

protocol on mass grave protection and investigation. Available online at: 

https://www.icmp.int/wp-

content/uploads/2022/02/mass_graves_project_english-4.pdf [Accessed: 

06/12/2022]. 

Knaub, M.M. 2019. Mass grave detection with the use of geophysics. Knoxville: 

University of Tennessee. Chancellor’s Honours Program Project. 

Kolb, M.F. 2016. Analysis of carbon, nitrogen, pH, phosphorus and 

carbohydrates as tools in geoarchaeological research. In: Gilbert, A.S. (ed). 

Encyclopaedia of Geoarchaeology. Dordrecht: Springer, 15-24.  

Komar, D. 1999. The use of cadaver dogs in locating scattered, scavenged 

human remains: Preliminary field test results. Journal of Forensic Sciences. 44 

(2), 405-408. 

Koopman, M. 2017. Remote Sensing for the Detection of Old Clandestine 

Graves: Examining the available technologies and their applicability to drone 

based searches. The Netherlands: University of Amsterdam. Masters 

Dissertation. 

Kori, S. 2018. Time since death from rigor mortis: Forensic prospective. Journal 

of Forensic Science and Criminal Investigation. 18 (5), 555771. 

Kumari, M., Sankhla, M.S., Nandan, M., Sharma, K. and Kumar, R. 2017. Role 

of forensic palynology in crime investigation. International Journal of Social 

Relevance and Concern. 5 (3), 1-13. 



175 
 

Lane Tabor Kreitlow, K. 2010. Insect succession in a natural environment. In: 

Byrd, J.H. and Castner, J.L. (eds). Forensic Entomology: The utility of 

arthropods in legal investigations. 2nd Edition. Boca Raton: CRC Press.  

Larizza, M. and Forbes, S.L. 2013. Detection of fatty acids in the lateral extent 

of the cadaver decomposition island. In: Pirrie, D., Ruffell, A. and Dawson, L.A. 

(eds). Environmental and Criminal Geoforensics. London: Geological Society 

Special Publications, 384, 209-219. 

Larson, D.O., Vass, A.A. and Wise, M. 2011. Advanced scientific methods and 

procedures in the forensic investigation of clandestine graves. Journal of 

Contemporary Criminal Justice. 27, 149-182.  

Lasseter, A.E., Jacobi, K.P., Farley, R. and Hensel, L. 2003. Cadaver dog and 

handler team capabilities in the recovery of buried human remains the south-

eastern United States. Journal of Forensic Sciences. 48, 617-620. 

Law Commission. 2020. Search Warrants. Available online at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/942762/Search-warrants-report.pdf [Accessed: 29/05/2023]. 

Lawrence, D.R. 1968. Taphonomy and information losses in fossil communities. 

Geological Society of America Bulletin. 79, 1315-1330. 

Lawrence, D.R. 1971. The nature and structure of palaeoecology. Journal of 

Palaeontology. 45, 593-607. 

Leblanc, G., Kalacska, M. and Soffer, R. 2014. Detection of single graves by 

airborne hyperspectral imaging. Forensic Science International. 245, 17-23.  

Lee, M.J., Voss, S.C., Franklin, D. and Dadour, I.R. 2018. Preliminary 

investigation of aircraft mounted thermal imaging to locate decomposing 

remains via the heat produced by larval aggressions. Forensic Science 

International. 289, 175-185.  

Leitenberg, M. 2006. Deaths in Wars and Conflicts in the 20th Century. 3rd 

Edition. Ithaca: Cornell University.   

Lemon, R.R. 1990. Principle of Stratigraphy. Ohio: Merrill Publishing Company. 



176 
 

Levene, M. 2005. Genocide in the Age of the Nation-State: The Meaning of 

Genocide. London: I.B. Tauris.  

Levy, T.E. Vincent, M.L., Howland, M., Kuester, F. and Smith, N.G. 2014. The 

art of implementing SfM for reconstruction of archaeological sites in Greece: 

Preliminary applications of cyber-archaeological recording at Corinth. 

Mediterranean Archaeology and Archaeometry. 14 (4), 125-133. 

Lillesand, T.M., Kiefer, R.W. and Chipman, J.W. 2015. Remote Sensing and 

Image Interpretation. 7th Edition. Hoboken: John Wiley & Sons Ltd. 

Limbrey, S. 1975. Soil Science and Archaeology. London: Academic Press INC.  

Linse, A. 1992. Is bone safe in a shell midden? In: Stein, J. (ed). Deciphering a 

shell midden. San Diego: Academic Press Inc, 327-345.  

Litherland, S., Marquez-Grant, N. and Roberts, J. 2012. Forensic Archaeology. 

In: Marquez-Grant, N. and Roberts, J. (eds). Forensic Ecology Handbook: From 

Crime Scene to Court. Chichester: John Wiley & Sons, 23-48. 

Loe, I., Baker, C., Brady, K., Cox, M. and Webb, H. 2014. Remember me to all: 

The archaeological recovery and identification of soldiers who fought and died 

in the Battle of Fromelles, 1916. Oxford: Oxford Archaeology.  

Loftus, E.F. 2019. Eyewitness testimony. Applied Cognitive Psychology. 33, 

498-503. 

Long, L. 2006. The Srebrenica Massacre. Forensic Examiner. 15 (2), 43-48. 

Lou, X., Liu, K., Shen, Y., Yao, G., Yang, W., Mortimer, P.E. and Gui, H. 2021. 

Fungal community composition and diversity vary with soil horizons in a 

subtropical forensic. Frontiers in Microbiology. 12 (650440), 1-12. 

Lubit, A. 2012. Forensic Archaeology and the Challenges Associated with the 

Excavation of Mass Grave Sites. Unpublished Working Paper. Belfast: Queens 

University Belfast. 

Luo, X., Liu, K., Shen, Y., Yao, G., Yang, W., Mortimer, P.E. and Gui, H. 2021. 

Fungal Community Composition and Diversity Vary with Soil Horizons in a 

Subtropical Forest. Frontiers in Microbiology. 12, 1-12.  



177 
 

Lyman, R.L. 1994. Vertebrate Taphonomy. Cambridge: Cambridge University 

Press.  

Lyman, R.L. 2010. What taphonomy is, what it isn’t, and why taphonomists 

should care about the difference. Journal of Taphonomy. 8 (1), 1-16.  

Madavha, L., Laseinde, T., Daniyan, I. and Mpofu, K. 2020. Functional design 

and performance evaluation of a metal handheld detector for land mines 

detection. Procedia CIRP. 91, 696-703. 

Madea, B. 2016. Methods for determining time of death. Forensic Science, 

Medicine and Pathology. 12, 451-485.  

Mann, R. and Sanderson, I. 2009. Guide 11: Archaeological Fieldwalking. 

Wakefield: West Yorkshire Archaeology Advisory Service. 

Mann, R.W., Bass, W.M. and Meadows, L. 1990. Time since death and the 

decomposition of the human body: Variables and observations in case and 

experimental field studies. Journal of Forensic Sciences. 35 (1), 103-111. 

Manni, G. and Caron, F. 1995. Calibration and determination of volatile fatty 

acids in waste leachates by gas chromatography. Journal of Chromatography 

A. 690 (2), 237-242.  

Mant, A.K. 1950. A study in exhumation data. London: London University. MD 

Thesis. 

Mant, A.K. 1987. Knowledge acquired from post-war exhumations. In: 

Boddington, A., Garland, A.N. and Janaway, R.C. (eds). Death, Decay and 

Reconstruction: Approaches to Archaeology and Forensic Science. 

Manchester: Manchester University Press, 65-78. 

Marais-Werner, A., Myburgh, J., Becker, P.J. and Steyn, M. 2018. A 

comparison between rates of buried and surface remain in a temperate region 

of South Africa. International Journal of Legal Medicine. 132, 301-309.  

Marais-Werner, A., Myburgh, J., Meyer, A., Nienaber, W.C. and Steyn, M. 2017. 

Decomposition patterns of buried remains at different intervals in the Central 

Highveld region of South Africa. Medicine, Science and the Law. 57 (3), 115-

123. 



178 
 

Mariita, N.O. 2007. The Gravity Method. Kenya: Short Course II on Surface 

Exploration for Geothermal Resources.  

Márquez-Grant, N., Errickson, D., Morgan, S., Ronner, E. and Giles, S.B. 2021. 

Final thoughts on WWI and WWII legislation, recovery, identification and burial 

of human remains: Best practice, challenges, and recommendations. Forensic 

Science International. 320, 110716.  

Marshall, E.A. 1999. General Principles of Scots Law. 7th Edition. Edinburgh: W. 

Green & Son Ltd.  

Martin, C., Maesen, P., Minichilli, D., Francis, F. and Verheggen, F. 2020. 

Forensic taphonomy: Characterisation of grave soil chemistry using a 

multivariate approach combining chemical and volatile analyses. Forensic 

Science International. 110569. 

Martin, J. 2007. The English Legal System. 5th Edition. London: Hodder Arnold. 

May, L. 2009. Aggression and Crimes Against Peace. Cambridge: Cambridge 

University Press.  

Mayans-Hermida, B.E. and Holá, B. 2020. Balancing the ‘International’ and the 

‘Domestic’: Sanctions under the ICC Principle of Complementarity. Journal of 

International Criminal Justice. 18, 1103-1130. 

Mays, S. 2017. Guidance for Best Practice for the Treatment of  Human 

Remains Excavated from Christian Burial Grounds in England. 2nd Edition. 

Advisory Panel on the Archaeology of Burials in England. Available online at: 

https://www.archaeologyuk.org/apabe/pdf/APABE_ToHREfCBG_ 

FINAL_WEB.pdf [Accessed: 23/08/2021]. 

McKenzie, N.J. and Ryan, P.J. 2008. Measuring Soil. In: McKenzie, N.J., 

Grundy, M.J., Webster, R. and Ringrose-Voase, A.J. (eds). Guidelines for 

surveying soil and land resources. 2nd Edition. Melbourne: CSIRO Publishing, 

263-284. 

McManamon, P.F. 2019. Lidar technologies and systems. Bellingham: Society 

of Photo-Optical Instrumentation Engineers. 

Medina, J. 2020. Ring found in mass grave brings closure to Spanish civil war 

victim's family. Available online at: https://uk.reuters.com/article/uk-spain-mass-



179 
 

grave-ring/ring-found-in-mass-grave-brings-closure-to-spanish-civil-war-victims-

family-idUKKBN2662AQ [Accessed: 06/01/2021]. 

Megyesi, M.S., Nawrocki, S.P. and Haskell, N.H. 2005. Using accumulated 

degree days to estimate the postmortem interval from decomposed human 

remains. Journal of Forensic Sciences. 50 (3), 618-626.  

Mellen, P.F., Lowry, M.A. and Micozzi, M.S. 1993. Experimental observation on 

adipocere formation. Journal of Forensic Sciences. 38 (1), 91-93.  

Merryman, J.H. 1969. The Civil Law Tradition: An introduction to the legal 

systems of Western Europe and Latin America. 2nd Edition. Stanford: Stanford 

University Press.  

Merryman, J.H. and Pérez-Perdomo, R. 2007. The Civil Law Tradition: An 

introduction to the legal systems of Western Europe and Latin America. 3rd 

Edition. Standford: Standford University Press.  

Metcalf, J.L., Xu, Z.Z., Weiss, S., Lax, S., Van Treuren, W., Hyde, E.R., Song, 

S.J., Amir, A., Larsen, P., Sangwan, N., Haarmann, D., Humphrey, G.C., 

Ackermann, G., Thompson, L.R., Lauber, C., Bibat, A., Nicholas, C., Gebert, 

M.J., Petrosino, J.F., Reed, S.C., Gilbert, J.A., Lynne, A.M., Bucheli, S.R., 

Carter, D.O. and Knight, R. 2015. Microbial community assembly and metabolic 

function during mammalian corpse decomposition. Science. 351 (6269), 158-

162. 

Meyer, C., Lohr, C., Gronenborn, D. and Alt, K.W. 2015. The Massacre mass 

grave of Schöneck-Kilianstädten reveals new insight into collective violence in 

Early Neolithic Central Europe. PNAS. 112 (36), 11217-11222.  

Meyer, C., Lohr, C., Kürbis, O., Dersey, V., Haak, W., Adler, C.J., Gronenborn, 

D. and Alt, K.W. 2014. Mass Graves of the LBK: Patterns and Peculiarities. In: 

Whittle, A. and Bickle, P. (eds). Early farmers. The view from Archaeology and 

Science. Oxford: Oxford University, 307-325. 

Mickleburgh, H., Wescott, D.J., Gluschintz, S. and Klinkenberg, M.V. 2022. 

Exploring the use of actualistic forensic taphonomy in the study of (forensic) 

archaeological human burials: An actualistic experimental research programme 

at the Forensic Anthropology Centre at Texas State University (FACTS), San 



180 
 

Marcos, Texas. In: Knüsel, C.J. and Schotsmans, E.M.J. (eds). The Routledge 

Handbook of Archaeothanatology. London: Routledge, 546-566.  

Mildenhall, D. 1990. Forensic palynology in New Zealand. Review of 

Palaeobotany and Palynology. 64, 227-234. 

Mildenhall, D.C., Wiltshire, P.E.J. and Bryant, V.M. 2006. Forensic Palynology: 

Why do it and how it works. Forensic Science International. 163, 163-172. 

Miller, M.T. 2002. Crime Scene Investigation. In: James, S.H. and Nordby, J.J. 

(eds). Forensic Science: An introduction to scientific techniques. Boca Raton: 

CRC Press. 115-135. 

Miller, R.H. 1971. The Convention on the Non-Applicability of Statutory 

Limitations to War Crimes and Crimes Against Humanity. The American Journal 

of International Law. 65 (3), 476-501.  

Milsom, S.F.C. 1981. Historical foundations of the common law. 2nd Edition. 

Oxford University Press.  

Moffat, I. 2015. Locating graves with geophysics. In: Sarris, A. (ed). Best 

practice of geoinformatic technologies for the mapping of archaeolandscapes. 

Archaeopress: Oxford, 45-53.  

Mohamed-Ali, M.A., Herbich, T., Grymski, K. and Hobbs, R. 2012. Magnetic 

gradient and electrical resistivity tomography surveys in Meroe, the capital city 

of the Kush Kingdom, Sudan. Archaeological Prospection. 19, 59-68. 

Molina, C.M., Pringle, J.K., Saumett, M. and Evans, G.T. 2016. Geophysical 

monitoring of simulated graves with resistivity, magnetic susceptibility, 

conductivity and GPR in Colombia, South America. Forensic Science 

International. 261, 106-115.  

Monaghan, N. 2020. Criminal Law. 6th Edition. Oxford: Oxford University Press.  

Moore, P.D., Webb, J.A. and Collinson, M.E. 1991. Pollen analysis. Blackwell 

Scientific: Oxford.  

Morel, H. 2019. Policy and practice of London’s historic environment. The 

Historic Environment: Policy & Practice. 10 (2), 152-177. 



181 
 

Morgan, J.L., Gergel, S.E. and Coops, N.C. 2010. Aerial Photography: A rapidly 

evolving tool for ecological management. Bioscience. 60 (1), 47-59. 

Morse, D., Duncan, J. and Stoutamire, J. 1983. Handbook of Forensic 

Archaeology and Anthropology. Tallahassee: Rose Printing Co.  

Murray, B., Anderson, D.T., Wescott, D.J., Moorhead, R. and Anderson, M.F. 

2018. Survey and Insight into Unmanned Aerial Vehicle Based Detection and 

Documentation of Clandestine Graves and Human Remains. Human Biology. 

90 (1), 45-61. 

Nawrocki, S.P. 2016. Forensic Taphonomy. In: Blau, S. and Ubelaker, D.H. 

(eds). Handbook of Forensic Anthropology and Archaeology. 2nd Edition. Oxon: 

Routledge, 373-290. 

Neher, D.A., Barbercheck, M.E., El-Allaf, S.M. and Anas, O. 2003. Effects of 

disturbance and ecosystem on decomposition. Applied Soil Ecology. 23, 165-

179. 

Neubauer, W., Edler-Hinterleitner, A., Seren, S., Becker, H. and Fassbinder, J. 

2003. Magnetic survey of the Viking Age settlement of Haithabu, Germany. 

Archaeologia Polona. 41, 239-241.  

Niebling, F., Maiwald, F., Munster, S., Bruschke, J. and Henze, F. 2018. 

Accessing urban history using spatial historical photographs. Digital Heritage 

International Congress held jointly with the International Conference on Visual 

Systems and Multimedia. San Francisco. 

O’Connor, V. 2012. Practitioner’s Guide: Common Law and Civil Law 

Traditions. International Network to Promote the Rule of Law. Available online: 

https://www.fjc.gov/sites/default/files/2015/Common%20and%20Civil%20Law%

20Traditions.pdf [Accessed: 13/05/2021]. 

Olmo, D., Ginarte, A., Bisso, C., Puerto, M.S. and Fondebrider, L. 2016. A mass 

grave in Argentina: The San Vicente Cemetery in Córdoba. In: Steadman, D.W. 

(ed). Hard evidence: Case studies in forensic anthropology. London: Routledge, 

321-331. 

Olsen, B., Shanks, M., Webmoor, T. and Witmore, C. 2012. Archaeology: the 

discipline of things. London: University of California Press. 



182 
 

Osman, K.T. 2018. Management of Soil Problems. Cham: Springer.  

Ossowski, A., Bykowska-Witowska, M. and Brzeziński, P. 2018. Application of 

analysis of aerial photographs in search of burial sites of victims of war and 

totalitarian crimes. Issues of Forensic Science. 299 (1), 77-90. 

Overy, R. 2003. The Nuremberg trials: International law in the making. In: 

Sands, R. (ed). From Nuremberg to the Hague: The future of International 

Criminal Justice. Cambridge: Cambridge University Press, 1-29.  

Owens, L.S. 2021. Timoteo Mendieta Alcalá and the Pact of Forgetting: trauma 

analysis of execution victims from a Spanish Civil War mass burial site at 

Guadalajara, Castilla la Mancha. Forensic Science International: Synergy. 3, 

100156. 

Owsley, D.W. 1995. Techniques for locating burials, with emphasis on the 

probe. Journal of Forensic Sciences. 40, 735-740.  

Ozulu, I.M., Süel, M., Tombuş, F.E., Coşar, M. and Şahin, M. 2012. The 

Importance of Maps at the Archaeological Excavations Work. Rome: 

Conference: FIG Working Week 2012. 

Ozyesil, O., Voroninski, V., Basri, R. and Singer, A. 2017. A survey on structure 

from motion. Acta Numerica. 26. 305-364. 

Paczkowski, S., Maibaum, F., Paczkowska, M. and Schütz, S. 2012. Decaying 

mouse volatiles perceived by Calliphora vicina Rob.-Desv. Journal of Forensic 

Sciences. 57 (6), 1497-1506. 

Padfield, N. 2014. Criminal Law. 9th Edition. Oxford: Oxford University Press.  

Palmer, V.V. 2007. Mixed Legal System… and the Myth of Pure Law. Louisiana 

Law Review. 67 (4), 1205-1218. 

Palmer, V.V. 2012. Mixed legal systems. In: Bussani, M. and Mattei, V. (eds). 

The Cambridge Companion to Comparative Law. Cambridge: Cambridge 

University Press, 368-383. 

Palomares, S.G. 2014. Common and civil law traditions on victims at the ICC. 

International Journal of Procedural Law. 4 (2), 217-235.  



183 
 

Panisova, J., Fraštia, M., Wunderlich, T., Pašteka, R. and Kušnirák, D. 2013. 

Microgravity and ground-penetrating radar investigations of subsurface features 

at the St Catherine’s Monastery, Slovakia. Archaeological Prospection. 20 (3), 

163-174. 

Parrott, E., Panter, H., Morrissey, J. and Bezombes, F. 2019. A low cost 

approach to disturbed soil detection using low altitude digital imagery from 

unmanned aerial vehicle. Drones. 3 (50). 

Partington, M. 2019. Introduction to the English Legal System: 2019-2020. 14th 

Edition. Oxford: Oxford University Press.  

Payne, J.A. 1965. A summer carrion study of the baby pig Sus scrofa Linnaeus. 

Ecology. 46 (5), 592-602. 

Payne, J.A., King, E.W. and Beinhart, G. 1968. Arthropod succession and 

decomposition of buried pigs. Nature. 219 (5159), 1180-1181. 

Pease, K.K. 2011. The role of the United Nations in International Law. Insights 

on Law and Society, 11 (3), 6-27.  

Pechal, J.L., Crippen, T.L., Tarone, A.M., Lewis, A.J., Tomberlin, J.K. and 

Benbow, M.E. 2013. Microbial community functional change during vertebral 

carrion decomposition. PloS One. 8 (11), e79035. 

Pickering, M.D., Ghislandi, S., Usai, M.R., Wilson, C., Connelly, P., Brothwell, 

D.R. and Keely, B.J. 2018. Signatures of degraded body tissues and 

environmental conditions in grave soils from a Roman and an Anglo-

Scandinavian age burial from Hungate, York. Journal of Archaeological 

Science. 99, 87-98. 

Pinheiro, J. 2006. Decomposition process of a cadaver. In: Schmitt, A., Cunha, 

E. and Pinheiro, J. (eds). Forensic anthropology and medicine: Complementary 

sciences from recovery to cause of death. New Jersey: Humana Press, 85-116. 

Plucknett, T.F.T. 1956. A concise history of the common law. 5th Edition. 

Boston: Little, Brown and Company.  

Pototschnig, T. 2013. Searching for a World War II mass grave in Austria. 

Vienna: International Conference on Cultural Heritage and New Technologies. 



184 
 

Powell, K. 2004. Detecting buried human remains using near-surface 

geophysical instruments. Exploration Geophysics. 35 (1), 88-92.  

Powers, N. and Sibun, L. 2013. Forensic Archaeology. In: Graves-Brown, P., 

Harrison, R. and Piccini, A. (eds). The Oxford Handbook of the Archaeology of 

the Contemporary World. Oxford: Oxford University Press, 40-53. 

Powers, R.H. 2005. The decomposition of human remains. In: Rich, J., Dean, 

D.E. and Powers, R.H. (eds). Forensic Medicine of the Lower Extremity: Human 

Identification and Trauma Analysis of the Thigh, Leg, and Foot. Totowa: The 

Humana Press Inc, 3-15. 

Prahlow, J.A. and Byard, R.W. 2012. Atlas of Forensic pathology. New York: 

Humana Press.  

Prangnell, J. and McGowan, G. 2009. Soil temperature calculation for burial site 

analysis. Forensic Science International. 191, 104-109. 

Prebihalo, S.E., Berrier, K.L., Freye, C.E., Bahaghighat, H.D., Moore, N.R., 

Pinkerton, D.K. and Synovec, R.E. 2018. Multidimensional gas 

chromatography: Advances in instrumentation, chemometrics, and applications. 

Analytical Chemistry. 90 (1), 505-532.  

Pringle, J.K., Jervis, J., Cassella, J.P. and Cassidy, N.J. 2008. Time-lapse 

geophysical investigations over a simulated urban clandestine grave. Journal of 

Forensic Sciences. 53, 1405-1416.  

Pringle, J.K., Ruffell, A., Jervis, J.R., Donnelly, L., McKinley, J., Hansen, J., 

Morgan, R., Pirrie, D. and Harrison, M. 2012. The use of geoscience methods 

for terrestrial forensic searches. Earth-Science Reviews. 114, 108-123.  

Provan, D.M.J. 1971. Soil phosphate analysis as a tool in archaeology. 

Norwegian Archaeological Review. 4 (1), 37-50. 

Puerto, M.S. and Tully, H. 2017. Large-scale forensic investigations into the 

missing: Challenges and considerations. Forensic Science International. 279, 

219-228.  

Rai, J.K., Pickles, B.J. and Perotti, M.A. 2022. The impact of the decomposition 

process of shallow graves on soil mite abundance. Journal of Forensic Science. 

67, 605-618. 



185 
 

Rebmann, A., David, E. and Sorg, M.H. 2000. Cadaver dog handbook: Forensic 

training and tactics for the recovery of human remains. Boca Raton: CRC 

Press. 

Reddick, A. 2006. The use of spatial techniques in the location and excavation 

of contemporary mass graves. Birmingham: University of Birmingham 

Reichs, K. 1998. Forensic Osteology: Advances in the Identification of Human 

Remains. 2nd Edition. Springfield: Charles C. Thomas.  

Reid, S. and Edwards, J. 2009. The Scottish Legal System. Legal Information 

Management. 9 (1), 9-15. 

Renfrew, C. 1973. The explanation of culture change: Models in prehistory. 

London: Duckworth. 

Renfrew, C. and Bahn, P. 1991. Archaeology Theory, Methods and Practice. 

London: Thames and Hudson. 

Reszeja, S. and Chróścielewski, E. 1994. Medicolegal reconstruction of the 

Katyń forest massacre. Forensic Science International. 68, 1-6. 

Reynolds, J.M. 2011. An introduction to applied and environmental geophysics. 

2nd Edition. Oxford: Wiley-Blackwell. 

Riggs, R.E. and Plano, J.C. 1994. The United Nations International 

Organisation and World Politics. 2nd Edition. California: Wadsworth Publishing 

Company.  

Riley, M.A. 2009. Automated detection of prehistoric conical burial mounds from 

LIDAR bare-earth digital elevation models. Missouri: Northwest Missouri State 

University. Masters Thesis.  

Ristić, A., Govedarica, M., Pajewski, L., Vrtunski, M. and Bugarinović, Z. 2020. 

Using ground penetrating radar to reveal hidden archaeology: The case study of 

the Württemberg-Stambol Gate in Belgrade (Servia). Sensors. 20 (3), 607-626.  

Ristovska, S. 2017. Video and witnessing at the International Criminal Tribunal 

for the Former Yugoslavia. In: Tumber, H. and Waisbord, S. (eds). Routledge 

Companion to Media and Human Rights. London: Routledge, 357-365. 



186 
 

Roberson, C. and Das, D.K. 2008. An introduction to comparative legal models 

of criminal justice. Boca Raton: CRC Press.  

Robertson, G. 2007. Fairness and evidence in war crime trials. Berkeley: 

Berkeley Electronic Press. 

Rocha, L. and Branco, G. 2009. Archaeological maps: methods and techniques 

for territorial analysis. ArcheoSciences. 33, 141-142. 

Rocke, B. and Ruffell, A. 2022. Detection of Single Burials Using Multispectral 

Drone Data: Three Case Studies. Forensic Science. 2, 72-87. 

Rodriguez, W.C. 1997. Decomposition of buried and submerged bodies. In: 

Haglund, W.D. and Sorg, M.H. (eds). Forensic Taphonomy: The postmortem 

fate of human remains. Boca Raton: CRC Press, 459-467. 

Rodriguez, W.C. and Bass, W.M. 1983. Insect activity and its relationship to 

decay rates of human cadavers in East Tennessee. Journal of Forensic 

Sciences. 28, 423-432. 

Rodriguez, W.C. and Bass, W.M. 1985. Decomposition of buried bodies and 

methods that may aid in their location. Journal of Forensic Sciences. 30 (3), 

836-852. 

Roksandic, M. 2002. Position of Skeletal Remains as a Key to Understanding 

Mortuary Behaviour. In: Haglund, W.D. and Sorg, M.H. (eds). Advances in 

Forensic Taphonomy: Methods, Theory, and Archaeological Perspectives. Boca 

Raton: CRC Press, 100-117. 

Rosier, E., Loix, S., Develter, W., van de Voorde, W., Tytgat, J. and Cuypers, E. 

2015. The search for a volatile human specific marker in the decomposition 

process. PLoS One. 10 (9), e0137341. 

Rosier, E., Loix, W., Develter, W., Van de Voorde, W., Tytgat, J. and Cuypers, 

E. 2016. Time dependent VOC-profile of decomposed human and animal 

remains in laboratory environment. Forensic Science International. 266, 164-

169. 

Roskams, S. 2001. Cambridge Manuals in Archaeology: Excavation. 

Cambridge: Cambridge University Press.  



187 
 

Ruffell, A. 2005. Searching for the IRA “Disappeared”: Ground-penetrating radar 

investigation of a churchyard burial site, Northern Ireland. Journal of Forensic 

Sciences. 50 (6), 1430-1435. 

Ruffell, A. and McAllister, S. 2015. A RAG System for the Management 

Forensic and Archaeological Searches of Burial Grounds. International Journal 

of Archaeology. 3 (1-1), 1-8. 

Ruffell, A., and J. McKinley. 2008. Geoforensics. New York: Wiley. 

Ruffell, A., McCabe, A., Donnelly, C. and Sloan, B. 2009. Location and 

assessment of an historic (150-160 year old) mass grave using geographic and 

ground penetrating radar investigation, NW Ireland. Journal of Forensic 

Sciences. 54 (2), 382-394.  

Ruotsala, A.H. 2020. Detecting clandestine graves. Finland: Aalto University.  

Rysavy, N.M. and Goff, M.L. 2015. Preliminary observations of arthropods 

associated with buried carrion on Oahu. Journal of Forensic Sciences. 60 (2), 

462-467. 

Saber, T.M., Omran, B.H.F., El Deib, M.M., El-Sharkawy, N.I., Metwally, M.M.M. 

and Abd-Elhakim, Y.M. 2021. Early postmortem biochemical, histological, and 

immunohistochemical alterations in skeletal muscles of rats exposed to 

boldenone undecylenate: Forensic implications. Journal of Forensic Legal 

Medicine. 83, 102248. 

Sabins, F.F. 1996. Remote Sensing: Principles and Interpretation. 3rd Edition. 

New York: W.H. Freeman and Company. 

Safferling, C. 2012. International Criminal Procedure. Oxford: Oxford University 

Press.  

Salihbegović, A., Clark, J., Sarajilić, N., Radović, S., Finlay, F., Jogunčić, A., 

Spahić, E. and Tuco, V. 2018. Histological observations on adipocere in human 

remains buried for 21 years at the Tomašica grave-site in Bosnia and 

Herzegovina. Bosnian Journal of Basic Medical Sciences. 18 (3), 1-6. 

Samuels, J.H. 2010. How Piracy has Shaped the Relationship between 

American Law and International Law. American University Law Review. 59 (5), 

1231-1265. 



188 
 

Sanders, A., Young, R. and Burton, M. 2010. Criminal Justice. 4th Edition. 

Oxford: Oxford University Press.  

Sankaran, S., Khnot, L.R. and Panigrahi, S. 2012. Biology and applications of 

olfactory sensing systems: A review. Sensors and Actuators B: Chemical. 171-

172, 1-17. 

Sarkin, J., Nettelfield, L., Matthews, M. and Kosalka, R. 2014. Bosnia and 

Herzegovina Missing Persons from the Armed Conflict of the 1990s: A 

Stocktaking. Sarajevo: International Commission on Missing Persons. 

Sarris, A., Dunn, R.K., Rife, J.L., Papadopoulos, N., Kokkinou, E. and 

Mundigler, C. 2007. Geological and geophysical investigations of subsurface 

features at the St Catherine’s Monastery, Slovakia. Archaeological Prospection. 

20 (3), 163-174. 

Schabas, W.A. 2007. An Introduction to the International Criminal Court. 

Cambridge: Cambridge University Press. 

Schabas, W.A. 2009. Genocide in International Law: The Crimes of Crimes. 2nd 

Edition. Cambridge: Cambridge University Press.  

Schabas, W.A. 2010. The International Criminal Court: A commentary on the 

Rome Statute. Oxford: Oxford University Press.  

Schabas, W.A. 2011. An Introduction to the International Criminal Court. 4th 

Edition. Cambridge: Cambridge University Press.  

Schiffer, M.B. 1983. Toward the identification of formation processes. American 

Antiquity. 48 (4), 675-706. 

Schlinger, C.M. 1990. Magnetometer and gradiometer surveys for detection of 

underground storage tanks. Bulletin of the Association of Engineering 

Geologists. 27 (1), 37-50. 

Schmidt, A. 2013. Earth resistance for archaeologists. Vol 3. Lanham: AltaMira 

Press.  

Schmidt, S. 2017. Perpetrators’ Knowledge: What and how can we learn from 

perpetrator testimony? Journal of Perpetrator Research. 1, 85-104.  



189 
 

Schmitt, S. 2002. Mass graves and the collection of forensic evidence: 

Genocide, war crimes and crimes against humanity. In: Haglund, W.D. and 

Sorg, M.H. (eds). Advances in Forensic Taphonomy: Method, Theory and 

Archaeological Perspectives. Boca Raton: CRC Press, 293-308.  

Schotsmans, E.M.J., Denton, J., Dekeirsschieter, J., Ivaneanu, T., Leentjes, S., 

Janaway, R.C. and Wilson, A.S. 2012. Effects of hydrated lime and quicklime 

on the decay of buried human remains using pig cadavers as human body 

analogues. Forensic Science International. 217 (1-3), 50-59. 

Schotsmans, E.M.J., Fletcher, J.N., Denton, J., Janaway, R.C. and Wilson, A.S. 

2014. Long-term effects of hydrated lime and quicklime on the decay of human 

remains using pig cadavers as human body analogues: Field experiments. 

Forensic Science International. 238, 141.e1-141.e13. 

Schotsmans, E.M.J., Márquez-Grant, N. and Forbes, S.L. 2017. Taphonomy of 

human remains: Forensic analysis of the dead and the depositional 

environment. Chichester: Wiley-Blackwell.  

Schotsmans, E.M.J., Van de Voorde, W., De Winne, J. and Wilson, A.S. 2011. 

The impact of shallow burial on differential decomposition to the body: A 

temperate case study. Forensic Science International. 206. E43-E48. 

Schultz, J.J., Collins, M.E. and Falsetti, A.B. 2006. Sequential monitoring of 

burials containing large pig cadavers using ground-penetrating radar. Journal of 

Forensic Sciences. 51, 607-616.  

Scolnicov, A. 2006. Religious law, religious courts, and human rights within 

Israeli constitutional structure. International Journal of Constitutional Law. 4 (4), 

732-740. 

Sellars, K. 2013. ‘Crimes against Peace’ and International Law. Cambridge: 

Cambridge University Press.  

Sémelin, J. 2002. From massacre to the genocidal process. International Social 

Science Journal. 54 (174), 433-442.  

Shafiekhani, A., Kadam, S., Fritschi, F.B. and DeSouza, G.N. 2017. Vinobot 

and Vinoculer: Two robotic platforms for high-throughput field phenotyping. 

Sensors. 17, 214. 



190 
 

Sharawi, M.S. and Sharawi, M.I. 2007. Design and implementation of a low cost 

VLF metal detector with metal-type discrimination capabilities. IEEE 

International Conference on Signal Processing and Communications. 480-483. 

Shears-Moses, E.E.C. 2013. The Interaction of Customary Law, Traditional 

Religions and Statutes. A Paper for the Conference on Law and Religion in 

Africa: Comparative Practices, Experiences and Prospects. Ghana: University 

of Ghana.  

Shedge, R., Krishan, K., Warrier, V. and Kanchan, T. 2021. Postmortem 

Changes. Treasure Island Florida: StatPearls Publishing. 

Shelbourn, C. 2013. Burial Archaeology: Reflections on the law, policy and 

ethics of research on human remains and digging the dead. Art Antiquity and 

Law. 18 (1), 59-76. 

Shinar, A. and Su, A. 2013. Religious law as foreign law in constitutional 

interpretation. International Journal of Constitutional Law. 11 (1), 74-100. 

Shrestha, R., Kanchan, T. and Krishan, K. 2022. Methods of estimation of time 

since death. Treasure Island: StatPearls.  

Siems, M. 2018. Comparative Law. 2nd Edition. Cambridge: Cambridge 

University Press.  

Silva-Bessa, A., Madureira-Carvalho, Á. Dawson, L., Ferreira, M.T., Dinis-

Oliveira, R.J. and Forbes, S.L. 2022. The importance of soil on human 

taphonomy and management of Portuguese public cemeteries. Forensic 

Sciences. 2, 635-649. 

Silván-Cárdenas, J.L., Caccavari-Garza, A., Quinto-Sánchez, M.E., Madrigal-

Gómez, J.M., Coronado-Juárez, E. and Quiroz-Suarez, D. 2021. Assessing 

optical remote sensing fore grave detection. Forensic Science International. 

329, 111064. 

Simons, G. 1994. The United Nations: A Chronology of Conflict. Hampshire: 

The Macmillan Press Ltd.  

Simpson, G. 2007. Law, War and Crime: War Crime, Trials and the Reinvention 

of International Law. Cambridge: Policy Press.  



191 
 

Skinner, M., Alempijevic, D. and Djuric-Srejic, M. 2003. Guidelines for 

International Forensic Bioarchaeology Monitors of Mass Grave Exhumations. 

Forensic Science International. 134, 81-92. 

Skinner, M.F. 1987. Planning the archaeological recovery of evidence from 

recent mass graves. Forensic Science International. 34, 267-287. 

Slapper, G. and Kelly, D. 2014. The English Legal System. 15th Edition. Oxon: 

Routledge.  

Sloan, J.G. and Hernandez, G.I. 2013. The Role of the International Court of 

Justice in the Development of the Institutional Law of the United Nations. In: 

Tams, C.J. and Sloan, J. (eds). The Development of International Law by the 

International Court of Justice. Oxford: Oxford University Press, 197-233. 

Slone, D.H. and Gruner, S.V. 2007. Thermoregulation in larval aggregations of 

carrion feeding blow flies (Diptera Calliphoridae). Journal of Medical 

Entomology. 44 (3), 516-523. 

Slorach, S., Embley, J., Goodchild, P. and Shephard, C. 2017. Legal Systems 

and Skills. 3rd Edition. Oxford: Oxford University Press. 

Smart, J. 2016. “A sacred duty”: Locating and creating Australian graves in the 

aftermath of the First World War. AWM Summer Scholars. 

Smith, K.G.V. 1986. A manual of forensic entomology. Oxford: British Museum 

(Natural History) and Cornell University Press.  

Smits, L. and van der Plicht, H. 2009. Mesolithic and Neolithic human remains 

in the Netherlands: Physical anthropological and stable isotope investigations. 

Journal of Archaeology in the Low Countries. 1 (1), 55-85. 

Snow, C.C., Levine, L., Lukash, L., Tedeschi, L.G., Orrego, C. and Stover, E. 

1984. The investigation of human remains of the “disappeared” in Argentina. 

American Journal of Physical Anthropology. 5 (4), 297-299. 

Soderland, H.A. and Lilley, I.A. 2015. The fusion of law and ethics in cultural 

heritage management: The 21st century confronts archaeology. Journal of Field 

Archaeology. 40 (5), 508-522.  



192 
 

Soendergaard, M. 2013. 45,000 missing persons in Colombia are thought to be 

in mass graves. Available online: https://colombiareports.com/38-child-bodies-

found-mass-grave/ [Accessed: 27/11/2020]. 

Somma, R., Cascio, M., Silvestro, M., Silvestro, M. and Torre, E. 2018. A GIS-

based Quantitative Approach for the Search of Clandestine Graves, Italy. 

Journal of Forensic Science. 63 (3), 882-898. 

Sorg, M.H., Haglund, W.D., and Wren, J.A. 2015. Current research in forensic 

taphonomy. In: Dirkmaat, D.C. (eds). A companion to forensic anthropology. 

Chichester: John Wiley & Sons Ltd, 477-498. 

Spera, S.A., Franklin, M.S., Zizzamia, E.A. and Smith, R.K. 2022. Recovering a 

Black Cemetery: Automated Mapping of Hidden Gravesites using sUAV and 

GIS in East End Cemetery, Richmond, VA. International Journal of Historic 

Archaeology. 26, 1110-1131. 

Spoerry, P. 1993. Archaeology and Legislation in Britain. Hertford: Rescue, The 

British Archaeological Trust.  

Sprague, R. 2005. Burial terminology. Oxford: Altimira Press.  

Stadler, S., Stefanuto, P.H., Brokl, M., Forbes, S.L. and Focant, J.F. 2012. 

Analysis of synthetic canine training aids by comprehensive two-dimensional 

gas chromatography-time of flight mass spectrometry. Journal of 

Chromatography A. 1255, 202-206.  

Stadler, S., Stefanuto, P.H., Brokl, M., Forbes, S.L. and Focant, J.F. 2013. 

Characterisation of volatile organic compounds from human analogue 

decomposition using thermal desorption coupled to comprehensive two-

dimensional gas chromatography time of flight mass spectrometry. Analytical 

Chemistry. 85, 998-1005. 

Stanley, E.A. 1987. Palynology as evidence. 13th Annual Meeting of 

Northeastern Forensic Society. Princetown: New York.  

Statheropoulos, M., Spiliopoulou, C. and Agapiou, A. 2005. A study of volatile 

organic compounds evolved from the decaying human body. Forensic Science 

International. 153, 147-155.  



193 
 

Steadman, D.W. and Haglund, W.D. (2005). The Scope of Anthropological 

Contributions to Human Rights Investigations. Journal of Forensic Science. 50 

(1), 1-8. 

Steele, C. 2008. Archaeology and the Forensic Investigation of Recent Mass 

Graves: Ethical Issues for a New Practice of Archaeology. Journal of the World 

Archaeological Congress. 4, 414-428. 

Stefanuto, P.H., Rosier, E., Tytgat, J., Focant, J.F. and Cuypers, E. 2017. 

Profiling volatile organic compounds of decomposition. In: Schotsmans, E.M.J., 

Márquez-Grant, N. and Forbes, S.L. (eds). Taphonomy of Human Remains: 

Forensic analysis of the dead and the depositional environment. Chichester: 

John Wiley & Sons Ltd, 39-52. 

Steffen, W., Leinfelder, R., Zalasiewicz, J., Waters, C.N., Williams, M., 

Summerhayes, C., Barnosky, A.D., Cearreta, A., Crutzen, P., Edgeworth, M., 

Ellis, E.C., Fairchild, I.J., Galuszka, A., Grinevald, J., Haywood, A., do Sul, J.I., 

Jeandel, C., McNeill, J.R., Odada, E., Oreskes, N., Revkin, A., Richter, D.D., 

Syvitski, J., Vidas, D., Wagreich, M., Wing, S.L., Wolfe, A.P. and Schellnhuber, 

H.J. 2016. Stratigraphic and earth’s systems approaches to defining the 

Anthropocene. Earth’s Future. 4 (8), 324-345. 

Steila, D. 1976. The Geography of Soils: Formation, distribution, and 

management. New Jersey: Prentice-Hall Inc.  

Stejskal, S. 2013. Death, decomposition and detection dogs: From science to 

scene. Boca Raton: CRC Press.  

Steward, T.D. 1979. Essentials of Forensic Anthropology. Springfield: Charles 

C. Thomas.  

Stodder, A.L.W. 2019. Taphonomy and the Nature of Archaeological 

Assemblages. In: Katzenberg, M.A. and Grauer, A.L. (eds). Biological 

Anthropology of the Human Skeleton. 3rd Edition. Oxford: John Wiley and Sons, 

73-115. 

Stoutamire, J. 1983. Excavation and Recovery. In: Morse, D., Duncan, J. and 

Stoutamire, J. (eds). Handbook of Forensic Archaeology and Anthropology. 

Tallahassee: Rose Printing Co, 20-47. 



194 
 

Stover, E. 2005. The Witnesses: War Crimes and the Promise of Justice in The 

Hague. Pennsylvania: University of Pennsylvania Press.  

Stuart, B.H. 2013. Decomposition chemistry: Overview, analysis and 

interpretation. In: Siegel, J.A. and Saukko, P.J. (eds). Encyclopaedia of forensic 

sciences. Vol 2. 2nd Edition. Waltham: Academic Press, 11-15. 

Sutherland, T. 2009. Killing Time: Challenging the common perceptions of three 

medieval conflicts – Ferrybridge, Dintingdale and Towton – the largest battles 

on British soil. Journal of Conflict Archaeology. 5, 1-25. 

Sutherland, T. and Schmidt, A. 2003. Towton, 1461: An Integrated Approach to 

Battlefield Archaeology. Landscapes. 4 (2), 15-25. 

Swann, L., Chidlow, G.E., Forbes, S.L. and Lewis, S.W. 2010. Preliminary 

studies into the characterisation of chemical markers of decomposition for 

geoforensics. Journal of Forensic Sciences. 55, 308-314. 

Swann, L.M., Forbes, S.L. and Lewis, S.W. 2010a. Analytical separations of 

mammalian decomposition products for forensic science: A review. Analytica 

Chimica Acta. 682 (1-2), 9-22. 

Swann, L.M., Forbes, S.L. and Lewis, S.W. 2010b. Observations of the 

temporal variation in chemical content of decomposition fluid: A preliminary 

study using pigs as a model system. Australian Journal of Forensic Sciences. 

42, 199-210. 

Szelecz, I., Fournier, B., Seppey, C., Amendt, J. and Mitchell, E. 2014. Can soil 

testate amoebae be used for estimating the time since death? A field 

experiment in a deciduous forest. Forensic Science International. 236, 90-98.  

Szelecz, I., Koenig, I., Seppey, C.V.W., Le Bayon, R.C. and Mitchell, E.A.D. 

2018. Soil chemistry changes beneath decomposing cadavers over a one year 

period. Forensic Science International. 286, 155-165. 

Szelecz, I., Sorge, F., Seppey, C.V.W., Mulot, M., Steel, H., Neilson, R., 

Griffiths, B.S., Amendt, J. and Mitchell, E.A.D. 2016. Effects of decomposing 

cadavers on soil nematode communities over a one year period. Soil Biology 

and Biochemistry. 103, 405-416.  



195 
 

Szpila, K., Voss, J.G. and Pape, T. 2010. A new dipteran forensic indicator in 

buried bodies. Medical and Veterinary Entomology. 24 (3), 278-283. 

Tabeau, E. and Bijak, J. 2005. War-related Deaths in the 1992-1995 Armed 

Conflicts in Bosnia and Herzegovina: A Critique of Previous Estimates and 

Recent Results. European Journal of Population. 21,187-215. 

Tamara, S., den Boer, M.A. and Heck, A.J.R. 2022. High-resolution native mass 

spectrometry. Chemical Reviews. 122, 7269-7326.  

Tetley, W. 2000. Mixed Jurisdictions: Common law v. civil law (codified and 

uncodified). Louisiana Law Review. 60 (3), 678-738. 

Thomas, M. 2020. Criminal Law. 2nd Edition. Saltford: Hall and Scott Publishing 

Ltd.  

Tibbett, M. and Carter, D.O. 2008. Soil analysis in forensic taphonomy: 

Chemical and biological effects of buried human remains. Boca Raton: CRC 

Press.  

Tobin, B.M. 2011. Why customary law matters: The role of customary law in the 

Protection of Indigenous Peoples’ Human Rights. Available online at: 

https://aran.library.nuigalway.ie/bitstream 

/handle/10379/2730/EThesisCombined.pdf [Accessed: 01/09/2021]. 

Topping, P. and Ritchie, J. 1989. Topping: The Autobiography of the Police 

Chief in the Moors Murder Case. London: Angus & Robertson. 

Tracqui, A. 2000. Time since death. In: Siegel, J., Saukko, P.J. and Knupfer, 

C.G. (eds). Encyclopaedia of forensic sciences. London: Academic Press, 

1357-1363. 

Troutman, L., Moffatt, C. and Simmons, T. 2014. A preliminary examination of 

differential decomposition patterns in mass graves. Journal of Forensic 

Sciences. 59 (3), 621-626.  

Trzciński, M. and Borkowski, T. 2015. Forensic archaeology in Poland: Theory 

and practice. In: Groen, W.J.M., Márquez-Grant, N. and Janaway, R.C. (eds). 

Forensic Archaeology: A Global Perspective. West Sussex: John Wiley & Sons 

Ltd, 121-127. 



196 
 

Tsokos, M. 2004. Postmortem changes and artefacts occurring during the early 

postmortem interval. In: Tsokos, M. (ed). Forensic Pathology Reviews. Vol 3. 

Totowa: Humana Press, 183-237. 

Tuller, H.H. 2015. Mass Graves and Human Rights: Latest Developments, 

Methods, and Lessons Learned. In: Dirkmaat, D.C. (ed). A companion to 

forensic anthropology. Chichester: John Wiley and Sons Ltd, 157-174. 

Tyner, J. 2014. Dead labour, landscapes, and mass graves: Administrative 

violence during the Cambodian genocide. Geoforum. 52, 70-77. 

Ubelaker, D.H. 1974. Reconstruction of demographic profiles from Ossuary 

skeletal samples. Washington DC: Smithsonian Institution Press.  

Ubelaker, D.H. 2006. Introduction to Forensic Anthropology. In: Schmitt, A., 

Cunha, E. and Pinheiro, J. (eds). Forensic Anthropology and Medicine: 

Complementary sciences from recovery to cause of death. Totowa: Humana 

Press, 3-12. 

Ueland, M., Nizio, K.D., Forbes, S.L. and Stuart, B.H. 2015. The interactive 

effect of the degradation of cotton clothing and decomposition fluid production 

associated with decaying remains. Forensic Science International. 255, 56-63.  

UN Human Rights Council 2014. Report of the Working Group on Enforced or 

Involuntary Disappearances, Addendum: Mission to Spain. Available online: 

https://www.refworld.org/docid/ 53eb35814.html  [Accessed: 06/01/2021]. 

United Nations. 2017. The Minnesota Protocol on the Investigation of Potentially 

Unlawful Death. Geneva: Office of the United Nations High Commissioner for 

Human Rights.  

Vaduveskovic, I., Starovic, A., Bjard, R.W. and Djuric, M. 2020. Could a ‘body 

fragmentation index’ be useful in reconstructing events prior to burial: Case 

study of selected primary and secondary mass graves from eastern Bosnia. 

Legal Medicine. 47, 101766. 

Vain, A., Kauppila, R. and Vuori, E. 1996. Estimation of the breaking of rigor 

mortis by myotonometry. Forensic Science International. 79 (2), 155-161. 



197 
 

van den Bogaard, A.E., Hazen, M.J. and van Bowen, C.P. 1986. Quantitative 

gas chromatographic analysis of volatile fatty acids in spent culture media and 

body fluids. Journal of Clinical Microbiology. 23 (3), 523-530.  

Vanlaerhoven, S.L. and Anderson, G.S. 1999. Insect succession on buried 

carron in two biogeoclimatic zones of British Columbia. Journal of Forensic 

Sciences. 41 (4), 617-625. 

Vass, A., Barshick, S.A., Sega, G., Caton, J., Skeen, J.T., Love, J.C. and 

Synstelien, J.A. 2002. Decomposition chemistry of human remains: A new 

methodology for determining the postmortem interval. Journal of Forensic 

Sciences. 47 (3), 542-553. 

Vass, A.A. 2001. Beyond the Grave: Understanding human decomposition. 

Microbiology Today. 28, 190-192.  

Vass, A.A. 2011. The elusive universal postmortem interval formula. Forensic 

Science International. 204, 34-40. 

Vass, A.A. 2012. Odour mortis. Forensic Science International. 222, 234-241. 

Vass, A.A., Bass, W.M., Wolt, J.D., Foss, J.E. and Ammons, J.T. 1992. Time 

since death determinations of human cadavers using soil solution. Journal of 

Forensic Sciences. 37 (5), 1236-1253. 

Vass, A.A., Smith, R.R., Thompson, C.V., Burnett, M.N., Dulgerian, N. and 

Eckenrode, B. A. 2008. Odour analysis of decomposing buried human remains. 

Journal of Forensic Sciences. 53, 384-391.  

Verbitsky, H. 1996. The Fight. New York: Free Press.  

Verdonck, L., Launaro, A., Vermeulen, F. and Millett, M. 2020. Ground-

penetrating radar survey at Falerii Novi: A new approach to the study of Roman 

cities. Antiquity. 94 (375), 705-723. 

Verhoeven, G. 2008. Imaging the invisible using modified digital still cameras 

for straightforward and low-cost archaeological near-infrared photography. 

Journal of Archaeological Science. 35, 3087-3100. 

Vollmer, M. and Möllmann, K. 2010. Infrared thermal imaging: Fundamentals, 

research and applications. Weinheim: John Wiley & Sons.  



198 
 

von der Osten-Woldenburg, H. 2020. Magnetic Gradiometry in Archaeo-

geophysics. In: Gupta, H. (eds). Encyclopaedia of Solid Earth Geophysics. 

Encyclopaedia of Earth Sciences Series. Springer, Cham.  

Voss, S.C., Cook, D.F. and Dadour, I.R. 2011. Decomposition and insect 

succession of clothed and unclothed carcasses in Western Australia. Forensic 

Science International. 211 (1-3), 67-75. 

Vranová, V., Marfo, T.D. and Rejšek, K. 2015. Soil scientific research methods 

used in archaeology – promising soil biochemistry: A mini-review. Acta 

Universitatis Agriculturae et Silviculturae Mendelianae Brunensis. 63 (4), 1417-

1426. 

Vukušić, I. 2013. The archives of the International Criminal Tribunal for the 

Former Yugoslavia. History. 98 (4), 623-635. 

Wahl, J. and König, H.G. 1987. Anthropological- traumatological investigation of 

human skeletal remains from the band-ceramic mass grave near Talheim, 

Heilbronn district. Baden-Württemberg. 12, 65-193. 

Wahl, J. and Trautmann, I. 2012. The Neolithic massacre at Talheim: A pivotal 

find in conflict Archaeology. In: Schulting, R.J. and Fibiger, L. (eds). Sticks, 

Stones and Broken Bones: Neolithic Violence in a European Perspective. 

Oxford: Oxford Scholarship Online, 78-100. 

Walker, D.B., Walker, J.C., Cavnar, P.J., Taylor, J.L., Pickel, D.H., Hall, S.B. 

and Suarez, J.C. 2006. Naturalistic quantification of canine olfactory sensitivity. 

Applied Animal Behaviour Science. 97 (2), 241-254. 

Walker, D.M. 1981. The Scottish Legal System: An introduction to the study of 

Scots law. 5th Revised Edition. Edinburgh: W. Green & Son Ltd Law Publishers.  

Walsh, K. and Horrocks, M. 2008. Palynology: Its position in the field of forensic 

science. Journal of Forensic Sciences. 53 (5), 1053-1060.  

Ward, R. and Akhtar, A. 2011. English Legal System. 11th Edition. Oxford: 

Oxford University Press.  

Waters, M.R. 1992. Principles of Geoarchaeology: A North American 

Perspective. Tucson: The University of Arizona Press.  



199 
 

Watkins, J. 1999. Conflicting Codes: Professional, Ethical and Legal Obligations 

in Archaeology. Science and Engineering Ethics. 5, 337-345.  

Watson, C.J. and Forbes, S.L. 2008. An investigation of the vegetation 

associated with grave sites in Southern Ontario. Canadian Society of Forensic 

Science Journal, 41 (4), 199-207. 

Watson, C.J., Ueland, M., Schotsmans, E.M.J., Sterenberg, J., Forbes, S.L. and 

Blau, S. 2020. Detecting grave sites from surface anomalies: A longitudinal 

study in an Australian woodland. Journal of Forensic Sciences. 66, 479-490. 

Watts, A. 2001. The importance of International Law. In: Byers, M. (ed). The 

Role of Law in International Politics: Essays in International Relations and 

International Law. Oxford: Oxford University Press, 5-16. 

Weitman, S.L. 2012. Using archaeological methods in cemetery surveys with 

emphasis on the application of LIDAR. Statesboro: Georgia Southern 

University.  

Wescott, D.J. 2018. Recent advances in forensic anthropology: decomposition 

research. Forensic Science Research. 3 (4), 327-342. 

Wheatley, D. and Gillings, M. 2002. Spatial technology and archaeology: The 

archaeological applications of GIS. London: Taylor and Francis. 

White, B. 2011. The United Kingdom. In: Márquez-Grant, N. and Fibiger, L. 

(eds). The Routledge Handbook of Archaeological Human Remains and 

Legislation: An international guide to laws and practices in the excavation and 

treatment of archaeological human remains. Oxon: Routledge, 479-491. 

White, R. M. and Willock, I.D. 2003. The Scottish Legal System. 3rd Edition. 

Edinburgh: Lexis Nexis UK.  

White, R.C.A. 1999. The English Legal System in Action: The administration of 

justice. 3rd Edition. Oxford: Oxford University Press.  

Whitlam, R.G. 1982. Archaeological taphonomy: Implications for defining data 

requirements and analytical procedures. In: Francis, P.D. and Poplins, E.C. 

(eds). Directions in Archaeology: A question of goals. Calgary: Proceedings in 

the Fourteenth Annual Conference of the University of Calgary Archaeological 

Association, 145-154. 



200 
 

Wild, C. and Weinstein, S. 2013. English Law. 17th Edition. Harlow: Pearson 

Education Limited.  

Wilkinson, P. 2020. Archaeology: What it is, where it is, and how to do it. 4th 

Edition. Oxford: Archaeopress Publishing LTD. 

Willey, P. and Heilman, A. 1987. Estimating time since death using plant roots 

and stems. Journal of Forensic Sciences. 32, 1264-1270. 

Willig, S., Lacorn, M. and Claus, R. 2004. Development of a rapid and accurate 

method for the determination of key compounds of pig odour. Journal of 

Chromatography A. 1038, 11-18.  

Willmott, H., Townend, P., Mahoney Swales, D., Poinar, H., Eaton, K. and 

Klunk, J. 2020. A Black Death mass grave at Thornton Abbey: The discovery 

and examination of a fourteenth-century rural catastrophe. Antiquity. 94 (373), 

179-196.  

Wilson, A.S., Janaway, R.C., Holland, A.D., Dodson, H.I., Baran, E., Pollard, 

A.M. and Tobin, D.J. 2007. Modelling the buried human body environment in 

upland climes using three contrasting field sites. Forensic Science International. 

169, 6-18. 

Wilson, S., Rutherford, H., Storey, T, and Wortley, N. 2016. English Legal 

System. 2nd Edition. Oxford: Oxford University Press. 

Wilson, S., Rutherford, H., Storey, T., Wortley, N. and Kotecha, B. 2020. 

English Legal System. 4th Edition. Oxford: Oxford University Press.  

Wilson, W. 2014. Criminal Law. 5th Edition. Harlow: Pearson Education Limited.  

Wiltshire, P.E.J. 2004. Current applications of environmental profiling and 

forensic palynology in the United Kingdom. Challenges and Changes – 17th 

International Symposium on the Forensic Sciences. Wellington: New Zealand.  

Wise, R.A., Fishman, C.S. and Safer, M.A. 2009. How to Analyse the Accuracy 

of Eyewitness Testimony in a Criminal Case. Connecticut Law Review. 42 (2), 

435-513. 

Wood, W.P. 1994. The Bone Garden: The Sacramento Boarding House 

Murders. New York: Pocket Books.  



201 
 

Woodford, A.O. 1965. Historical Geology. London: W.H. Freeman. 

Wright, R. 2010. Where are the bodied? In the ground. The Public Historian. 32 

(1), 96-107. 

Wright, R., Hanson, I. and Sterenberg, J. 2005. The archaeology of mass 

graves. In Hunter, J. and Cox, M. (eds). Forensic Archaeology: Advances in 

theory and practice. London: Routledge, 137-158. 

Wu, S. and Liu, X. 2018. The research progress of the phenomena and theory 

in autolysis. Food Research and Development. 8, 187-192. 

Young, O.R. 1994. International Governance: Protecting the Environment in a 

Stateless Society. New York: Cornell University Press.  

Zahar, A. and Sluiter, G. 2008. International Criminal Law: A critical 

introduction. Oxford: Oxford University Press.  

Zartner, D. 2014. Courts, Codes, and Customs: Legal Traditions and State 

Policy towards International Human Rights and Environmental Law. Oxford: 

Oxford University Press. 

Zheng, Y. and Weng, Q. 2014. Assessing solar potential of commercial and 

residential buildings in Indianapolis using Lidar and GIS modelling. Third 

International Workshop on Earth Observation and Remote Sensing 

Applications. 389-402. 

Zou, K. 2009. New Developments in the International Law of Piracy. Chinese 

Journal of International Law. 8 (2), 323-345. 

Personal Communication 

Dr Laura Evis 

 

 



202 
 

Appendices  

Archaeology Legislation 

England and Wales 

Ancient Monuments and Archaeological Areas Act. 1979. Available online at: 

https://www.legislation.gov.uk/ukpga/1979/46 [Accessed: 08/12/2022]. 

Burial Act. 1857. Available online at: 

https://www.legislation.gov.uk/ukpga/Vict/20-21/81 [Accessed: 08/12/2022]. 

Disused Burial Grounds (Amendment) Act. 1981. Available online at: 

https://www.legislation.gov.uk/ukpga/1981/18/contents [Accessed: 08/12/2022]. 

Human Tissue Act. 2004. Available online at: 

https://www.legislation.gov.uk/ukpga/2004/30/contents [Accessed: 08/12/2022]. 

National Heritage Act. 2002. Available online at: 

https://www.legislation.gov.uk/ukpga/2002/14/contents [Accessed: 08/12/2022]. 

Planning (Listed Building & Conservation Areas) Act. 1990. Available online at: 

https://www.legislation.gov.uk/ukpga/1990/9/contents [Accessed: 08/12/2022]. 

Protection of Military Remains Act. 1986. Available online at: 

https://www.legislation.gov.uk/ukpga/1986/35/contents [Accessed: 08/12/2022]. 

Protection of Wrecks Act. 1973. https://www.legislation.gov.uk/ukpga/1973/33 

[Accessed: 08/12/2022]. 

Town and Country Planning Act. 1990. Available online at: 

https://www.legislation.gov.uk/ukpga/1990/8/contents [Accessed: 08/12/2022]. 

Treasure (Designation) Order. 2002. Available online at: 

https://www.legislation.gov.uk/ukdsi/2002/0110424700 [Accessed: 08/12/2022]. 

Scotland 

Anatomy Act. 1984. Available online at: 

https://www.legislation.gov.uk/ukpga/1984/14/contents [Accessed: 08/12/2022]. 

Historic Environment Scotland Act. 2014. Available online at: 

https://www.legislation.gov.uk/asp/2014/19/contents [Accessed: 08/12/2022]. 



203 
 

Human Tissue (Scotland) Act. 2006. Available online at: 

https://www.legislation.gov.uk/asp/2006/4/contents [Accessed: 08/12/2022]. 

Museum and Galleries Act. 1992. Available online at: 

https://www.legislation.gov.uk/ukpga/1992/44/contents [Accessed: 08/12/2022]. 

National Heritage (Scotland) Act. 1985. Available online at: 

https://www.legislation.gov.uk/ukpga/1985/16/contents [Accessed: 08/12/2022]. 

Northern Ireland 

Burial Grounds Regulations (Northern Ireland). 1992. Available online at: 

https://www.legislation.gov.uk/nisr/1992/238/made [Accessed: 08/12/2022]. 

Historical Monuments and Archaeological Objects (NI) Order. 1995. Available 

online at: https://www.legislation.gov.uk/nisi/1995/1625/contents/made 

[Accessed: 08/12/2022]. 

Human Tissue Act. 2004. 

https://www.legislation.gov.uk/ukpga/2004/30/contents [Accessed: 08/12/2022]. 

Museum and Galleries Order (NI). 1998. Available online at: 

https://www.legislation.gov.uk/nisi/1998/261/contents [Accessed: 08/12/2022]. 

National Monuments (Amendment) Act. 1994. Available online at: 

https://www.irishstatutebook.ie/eli/1994/act/17/enacted/en/html [Accessed: 

08/12/2022]. 

Northern Ireland (Location of Victims' Remains) Act. 1999. Available online at: 

https://www.legislation.gov.uk/ukpga/1999/7/contents [Accessed: 08/12/2022]. 

Treasure (Designation) Order. 2002. Available online at: 

https://www.legislation.gov.uk/ukdsi/2002/0110424700/data.pdf [Accessed: 

08/12/2022]. 

Forensic Legislation 

England and Wales 

Children Act. 2004. Available online at: 

https://www.legislation.gov.uk/ukpga/2004/31/contents [Accessed: 08/12/2022]. 



204 
 

Criminal Evidence (Experts) Act. 2011. Available online at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/229043/0829.pdf [Accessed: 08/12/2022]. 

Criminal Justice Act. 2003. Available online at: 

https://www.legislation.gov.uk/ukpga/2003/44/contents [Accessed: 08/12/2022]. 

Criminal Procedure and Investigation Act. 1996. Available online at: 

https://www.legislation.gov.uk/ukpga/1996/25/contents [Accessed: 08/12/2022]. 

Criminal Procedure Rules. 2011. Available online at: 

https://www.legislation.gov.uk/uksi/2011/1709/contents/made [Accessed: 

08/12/2022]. 

Crown Court (Advanced Notice of  Expert Evidence) Rules. 1987. Available 

online at: https://www.legislation.gov.uk/uksi/1987/716/made [Accessed: 

08/12/2022]. 

Disclosure Manual. 2005. Available online at: https://www.cps.gov.uk/legal-

guidance/disclosure-manual [Accessed: 08/12/2022]. 

Forensic Science Regulator Act. 2021. 

https://www.legislation.gov.uk/ukpga/2021/14/introduction/enacted [Accessed: 

19/05/2023]. 

Human Tissue Act. 2004. Available online at: 

https://www.legislation.gov.uk/ukpga/2004/30/contents [Accessed: 08/12/2022]. 

Police and Criminal Evidence (PACE) Act. 1994. Available online at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/384122/PaceCodeAWeb.pdf [Accessed: 08/12/2022]. 

Scotland 

Criminal Procedure (Scotland) Act. 1995. Available online at: 

https://www.legislation.gov.uk/ukpga/1995/46/contents [Accessed: 08/12/2022]. 

Criminal Justice and Licensing (Scotland) Act. 2010. Available online at: 

https://www.legislation.gov.uk/asp/2010/13/contents [Accessed: 08/12/2022]. 

Criminal Justice (Scotland) Act. 2016. Available online at: 

https://www.legislation.gov.uk/asp/2016/1/enacted [Accessed: 08/12/2022]. 



205 
 

Northern Ireland 

Criminal Law (Northern Ireland) Act. 1967. Available online at: 

https://www.legislation.gov.uk/apni/1967/18/contents [Accessed: 08/12/2022]. 

Police and Criminal Evidence (Northern Ireland) Order. 1989. Available online 

at: https://www.legislation.gov.uk/nisi/1989/1341/contents [Accessed: 

08/12/2022]. 

Criminal Justice Evidence (Northern Ireland) Order. 2004. Available online at: 

https://www.legislation.gov.uk/nisi/2004/1501/contents [Accessed: 08/12/2022]. 

Criminal Justice (Northern Ireland) Order. 2008. Available online at: 

https://www.legislation.gov.uk/nisi/2008/1216/contents [Accessed: 08/12/2022]. 

Criminal Justice Act (Northern Ireland). 2013. Available online at: 

https://www.legislation.gov.uk/nia/2013/7/contents [Accessed: 08/12/2022]. 

Archaeology Standard and Guidance  

England and Wales  

Boyle, G. and Rawden, A. 2020. Society for Museum Archaeology: Standards 

and Guidance in the Care of Archaeological Collections. Available online at: 

https://collectionstrust.org.uk/wp-

content/uploads/2020/04/Standards_and_Guidance_in_the_Care_of_Archaeolo

gical_Collections.pdf [Accessed: 12/11/2021]. 

CIfA. 2014. Standards and guidance for an archaeology watching brief. 

Available online at: 

https://www.archaeologists.net/sites/default/files/CIfASGWatchingbrief.pdf 

[Accessed: 12/11/2021]. 

CIfA. 2014. Standards and guidance for archaeological advice by historic 

environment services. Available online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GArchadvice_4.pdf 

[Accessed: 13/11/2021]. 

CIfA. 2014. Standards and guidance for archaeological evaluation. Available 

online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GExcavation_2.pdf 

[Accessed: 12/11/2021].  



206 
 

CIfA. 2014. Standards and guidance for archaeological field evaluation. 

Available online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GFieldevaluation_3.

pdf [Accessed: 12/11/2021].  

CIfA. 2014. Standards and guidance for archaeological geophysical survey. 

Available online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GGeophysics_3.pdf 

[Accessed: 12/11/2021].  

CIfA. 2014. Standards and guidance for commissioning work or providing 

consultancy advice on archaeology and the historic environment. Available 

online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GCommissioning_2.

pdf [Accessed: 12/11/2021].  

CIfA. 2014. Standards and guidance for historic environment desk-based 

assessment. Available online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GDBA_4.pdf 

[Accessed: 12/11/2021].  

CIfA. 2014. Standards and guidance for nautical archaeological recording and 

reconstruction. Available online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GNautical_2.pdf 

[Accessed: 12/11/2021]. 

CIfA. 2014. Standards and guidance for stewardship for the historic 

environment. Available online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GStewardship_3.pdf 

[Accessed: 12/11/2021].  

CIfA. 2014. Standards and guidance for the archaeological investigation and 

recording of standing buildings or structures. Available online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GBuildings_3.pdf 

[Accessed: 12/11/2021].  

CIfA. 2014. Standards and guidance for the collection, documentation, 

conservation and research of archaeological materials. Available online at: 



207 
 

https://www.archaeologists.net/sites/default/files/CIfAS%26GFinds_2.pdf 

[Accessed: 12/11/2021].  

CIfA. 2014. Standards and guidance for the creation, complication, transfer and 

deposition of archaeological archives. Available online at: 

https://www.archaeologists.net/sites/default/files/CIFAS%26GArchives_4.pdf 

[Accessed: 13/11/2021]. 

Scotland 

Mann, B. 2021. Scotland’s Archaeology Strategy: Guidance on the minimum 

standards for the transfer of archaeological assemblages to museums in 

Scotland – 2021 Consultation Report. Available online at: 

http://archaeologystrategy.scot/files/2021/03/2021-Draft-Museum-

Archaeological-Archiving-Standards-Consultation-Report-v1-0.pdf [Accessed: 

12/11/2021]. 

West of Scotland Archaeology Service. 2009. Procedural Guidance for 

Archaeology and Development. Available online at: 

http://www.wosas.net/web_pdfs/Procedural%20Guidance%202.pdf [Accessed: 

12/11/2021]. 

Northern Ireland 

Department for Communities. 2019. Development and Archaeology: Guidance 

on Archaeological Works in the Planning Process. Available online at: 

https://www.communities-

ni.gov.uk/sites/default/files/publications/communities/dfc-hed-guidance-on-

archaelogical-works-in-the-planning-process.pdf [Accessed: 12/11/2021]. 

Hull, D. 2011. Archaeological archives in Northern Ireland: Legislation, guidance 

and comparison with other jurisdictions. Available online at: 

http://www.niassembly.gov.uk/globalassets/documents/raise/publications/2011/

culture-arts-leisure/17411.pdf [Accessed: 12/11/2021]. 

Northern Ireland Environment Agency. 2021. Development and Archaeology: 

An NIEA Guidance Booklet. Available online at: 

https://www.nienvironmentlink.org/cmsfiles/policy-

hub/files/documentation/Built/hm_development_and_archaeology-3.pdf 

[Accessed: 12/11/2021]. 



208 
 

Northern Ireland Museum Council. 2015. Guidance to local museums on 

reporting archaeological finds and treasure. Available online at: 

https://nimc.co.uk/fs/doc/Guidance%20to%20Local%20Museums%20on%20Re

porting%20Archaeological%20Finds%20and%20Treasure.pdf [Accessed: 

12/11/2021]. 

Archaeological Human Remains Standards and Guidance  

England and Wales 

BABAO. 2005. A code of practice for the care of human remains in museums. 

Available online at: https://www.babao.org.uk/assets/Uploads-to-

Web/dcmscons.pdf [Accessed: 15/11/2021]. 

BABAO. 2015. Advice and guidance about accessing collections of human 

remains in the United Kingdom. Available online at: 

https://www.babao.org.uk/assets/Uploads-to-Web/AGFACHRUK.pdf [Accessed: 

15/11/2021]. 

Brickley, M. and McKinley, J.I. 2004. IFR Paper No.7: Guidelines to the 

Standards for Recording Human Remains. Reading: BABAO and Institute of 

Field Archaeologists. Available online at: 

https://www.archaeologists.net/sites/default/files/ifa_paper_7.pdf [Accessed: 

13/11/2021]. 

Department for Culture, Media and Sport. 2005. Guidance for the Care of 

Human Remans in Museums. London: Department for Culture, Media and 

Sport. Available online at: 

https://www.britishmuseum.org/sites/default/files/2019-11/DCMS-Guidance-for-

the-care-of-human-remains-in-museum.pdf [Accessed: 13/11/2021]. 

English Heritage. 2004. Human Bones from Archaeological Sites: Guidelines for 

producing assessment documents and analytical reports. Swindon: English 

Heritage. Available online at: https://www.babao.org.uk/assets/Uploads-to-

Web/eh-humanbones-assessments.pdf [Accessed: 15/11/2021]. 

Historic England. 2018. The role of the human osteologist in an archaeological 

fieldwork project. Swindon: Historic England. Available online at: 

https://historicengland.org.uk/images-books/publications/role-of-human-



209 
 

osteologist-in-archaeological-fieldwork-project/heag263-human-osteologist-

archaeological-fieldwork-project/ [Accessed: 15/11/2021]. 

Mays, S. 2017. Guidance for best practice for the treatment of human remains 

excavated from Christian Burial Grounds in England. 2nd Edition. London: 

Advisory Panel on the Archaeology of Burials in England. Available online at: 

https://www.babao.org.uk/assets/Uploads-to-Web/APABE-ToHREfCBG-FINAL-

WEB.pdf [Accessed: 15/11/2021]. 

Mays, S., Elders, J., Humphrey, L., White, W. and Marshall, P. 2013. Science 

and the Dead: A guideline for the destructive sampling of archaeological human 

remains for scientific analysis. Swindon: English Heritage. Available online at: 

https://apabe.archaeologyuk.org/pdf/Science_and_the_Dead.pdf [Accessed: 

15/11/2021]. 

Mays, S., Sidell, J., Sloane, B., White, W. and Elders, J. 2015. Large Burial 

Grounds: Guidance on sampling in archaeological fieldwork projects. London: 

Advisory Panel on the Archaeology of Burials in England. Available online at: 

https://apabe.archaeologyuk.org/pdf/Large_Burial_Grounds.pdf [Accessed: 

15/11/2021]. 

Mitchell, P.D. and Brickley, M. 2017. Updated guidelines to the standards for 

recording human remains. Available online at: 

https://www.babao.org.uk/assets/Uploads-to-Web/14-Updated-Guidelines-to-

the-Standards-for-Recording-Human-Remains-digital.pdf [Accessed: 

15/11/2021]. 

Scotland 

Museums Galleries Scotland. 2011. Guidelines for the care of human remains 

in Scottish museum collections. Edinburgh: Museums Galleries Scotland. 

Available online at: 

https://www.museumsgalleriesscotland.org.uk/media/1089/guidelines-for-the-

care-of-human-remains-in-scottish-museum-collections.pdf [Accessed: 

15/11/2021]. 

National Trust for Scotland. 2019. Respective Remains: A policy on the 

treatment of human remains. Edinburgh: The National Trust for Scotland. 

Available online at: https://s3-eu-west-1.amazonaws.com/ws-



210 
 

nts/Production/assets/downloads/Respecting_Remains_A_Policy_on_the_Treat

ment_of_Human_Remains.pdf?mtime=20191205132102 [Accessed: 

15/11/2021]. 

Northern Ireland 

Department for Culture, Media and Sport. 2005. Guidance for the Care of 

Human Remans in Museums. London: Department for Culture, Media and 

Sport. Available online at: 

https://www.britishmuseum.org/sites/default/files/2019-11/DCMS-Guidance-for-

the-care-of-human-remains-in-museum.pdf [Accessed: 13/11/2021]. 

Institute of Archaeologists of Ireland. 2004. The treatment of human remains: 

Technical paper for Archaeologists. Available online at: http://www.iai.ie/wp-

content/uploads/2016/03/The-Treatment-of-Human-Remains.pdf [Accessed: 

15/11/2021]. 

Forensic Standards and Guidance  

CIfA. 2014. Standards and guidance for forensic archaeologists. Available 

online at: 

https://www.archaeologists.net/sites/default/files/CIfAS%26GForensics_4.pdf 

[Accessed: 12/11/2021].  

Forensic Science Regulator. 2020. Guidance: Legal issues in forensic 

pathology and tissue retention. Birmingham: The Forensic Science Regulator. 

Available online at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/910183/Legal_Issues_in_Forensic_Pathology_and_Tissue_R

etention_Issue_4.pdf [Accessed: 15/11/2021]. 

Forensic Science Regulator. 2021. Codes of Practice and Conduct: For forensic 

science providers and practitioners in the criminal justice system. Birmingham: 

The Forensic Science Regulator. Available online at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/961562/FSR-C-100_Codes_of_Practice_and_Conduct_-

_Issue_6.pdf [Accessed: 15/11/2021]. 

Forensic Science Regulator. 2023. Draft Code of Practice. Available online at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att



211 
 

achment_data/file/1131659/E02852302_Forensic_Science_Draft_CoP_Web_A

ccessible.pdf [Accessed: 19/05/2023]. 

RAI. 2018. Code of Practice for Forensic Anthropology. London: Royal 

Anthropological Institute. Available online at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/710249/2018_Code_of_Practice_for_Forensic_Anthropology.

pdf [Accessed: 15/11/2021]. 

International Regulations 

Charter for the International Military Tribunal of Nürnberg. 1945. Available 

online at: https://www.un.org/en/genocideprevention/documents/atrocity-

crimes/Doc.2_Charter%20of%20IMT%201945.pdf [Accessed: 06/12/2022]. 

Convention for the Prevention and Punishment of the Crime of Genocide. 1948. 

Available online at: 

https://www.un.org/en/genocideprevention/documents/atrocity-

crimes/Doc.1_Convention%20on%20the%20Prevention%20and%20Punishmen

t%20of%20the%20Crime%20of%20Genocide.pdf [Accessed: 06/12/2022]. 

Minnesota Protocol on the Investigation of Potentially Unlawful Death. 2016. 

Available online at: https://www.ohchr.org/sites/default/files/Documents/ 

Publications/MinnesotaProtocol.pdf [Accessed: 23/05/2023]. 

Rule of Procedure and Evidence. 2019. Available online at: https://www.icc-

cpi.int/sites/default/files/RulesProcedureEvidenceEng.pdf [Accessed: 

08/12/2022]. 

The Bournemouth Protocol on Mass Grave Protection and Investigation. 2020. 

Available online at: https://www.icmp.int/wp-

content/uploads/2022/02/mass_graves_project_english-4.pdf [Accessed: 

06/12/2022]. 

The Charter for the United Nations. 1945. Available online at: 

https://www.un.org/en/about-us/un-charter/full-text [Accessed: 08/12/2022]. 

The Rome Statute. 2002. Available online at: https://www.icc-

cpi.int/sites/default/files/RS-Eng.pdf [Accessed: 08/12/2022]. 


