Testing application of GIS, forensic geomorphology and electrical resistivity tomography to investigate suspected clandestine grave sites in Colombia, South America
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Abstract

Colombian forensic investigators required assistance locating clandestine burials of missing persons related to human right atrocities from 14 years ago. Geoscientific search methods were trialled, including a predictive spatial statistical model, using various input and database information, to select the most likely grave locations in difficult mountainous terrain. Ground work using forensic geomorphology, near-surface geophysics (ERT) and subsequent probing identified suspect burial positions. One site was in mountainous terrain and the other in former school grounds, both difficult to access and in poor weather conditions. In the mountainous area, a negative resistivity anomaly area was identified and intrusively investigated, found to be a buried rock. In school grounds, after MESP and intelligence was used to identify a burial site, surface depressions were identified, and ERT datasets collected over the highest priority depression; intrusive investigations discovered a hand-dug pit containing animal bones. This approach is suggested for Latin American searches.
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In many South American countries there are significant numbers of people both missing and those who have been subjected to forced disappearances (1).  In Colombia there are currently ~85,000 missing individuals, estimated ~25,000 being forced disappearances (2).  Discovered clandestine grave victims in South America have been isolated (3,4), co-mingled and mass burial styles (5), at different burial depths and in a variety of depositional environments (3-5).  Other published case studies of atrocity victims have been reported, for example, 19th Century Irish mass burials (6), USA race riot victims (7), Spanish Civil War mass burials (8-10), World War Two burials (11,12), in post-WW2 Polish repression mass burials (13), the Northern Ireland ‘Troubles’ albeit mostly isolated burials (14), 1990s Balkan wars mass burials (15,16), and current civil wars with both isolated and mass burials (17).  

In Colombia, armed conflict by paramilitary and armed gangs is considered the main driver behind kidnappings (18).  The Self Defense Forces of Casanare (AUC, by its Spanish abbreviation), was a powerful paramilitary group operating within Eastern Cordillera and Casanare provinces. Between 2002 –  2003, the AUC kidnapped ~150 people from Chameza and Recetor towns alone (19); following accusations that they were ‘guerrilleros’ [guerrillas]. Both Chameza and Recetor are in the southwest of Casanare province (Fig. 1), a region known for illegal group/gang operations, particularly during the 1980’s, due to the rugged and remote terrain which allowed smuggling routes to be established. Small towns (<3,000 people) is often considered an important factor when setting up illegal activities within these regions (20). In the last 15 years, authorities have found 14 missing people that were positively identified and remains returned to their families from these two towns, all of which were buried in small mass graves. However, the lack of communication between Government organizations and poorly-established search techniques has meant that the successful location and recovery of missing persons in these areas remains low (21).
[image: ]Fig. 1: Map showing the locations of the towns of Chameza and Recetor, within the Casanare Province, Colombia, South America. 

There has been an increased use in geoscientific methods by search teams to detect and locate clandestine buried materials of forensic interest. It is often found that depth of buried objects is normally shallow, typically less than 3 m below ground level (bgl), whilst clandestine graves are often around 0.5 m (22). Searches for clandestine burials often start with large-scale methods, such as remote sensing (23,24), aerial and ultraviolet photography (25,26), thermal imaging (27), or even visual observations of vegetation changes at ground-level (28), surface geomorphology changes (29), soil type (30) and depositional environment(s) (31), near-surface geophysics (32), diggability surveys (30) and probing of anomalous areas (33,34) before removing topsoil (28) and ultimately performing controlled excavation and recovery of remains (25).

In order for near-surface geophysical methods to be successful, there must be a detectable physical contrast between the target and background (or host) medium (see (35)). Ground penetrating radar (GPR) is the most common geophysical method for forensic search (32), although a multi-method phased approach is suggested as best practice [see (22) for review]. For example, anomalous areas can be quickly identified using Electro-Magnetics (EM) (36) and its reciprocal electrical resistivity (37) techniques before further investigation using higher resolution methods. Passive field techniques, such as magnetics, measure variations in the Earth’s magnetic field due to nearby objects (35,38). In contrast, active EM methods, such as metal detectors, depend on metallic objects being good conductors and transmitting their own secondary EM field in response to the instruments’ primary EM field (39, 40), However, controlled research (41) and forensic cases have had limited success using EM methods, typically owing to interference from both above- and below-ground non-target objects (35).  In contrast, electrical resistivity has been widely used in environmental forensics (22, 35), detection of clandestine graves (42), ancient burials (43, 44, 45) and controlled experiments (46, 47).  However, major environment variables can affect target detection including soil moisture (22). GPR search also has limitations in wooded environments (36) and soil type, for example: water-logged (47), saline-rich (32), clay-rich (42) or heterogeneous (48) soils can all significantly attenuate radar signal amplitudes.
Search methods differ worldwide, for example, in the UK a search strategist is employed at an early stage to decide upon the highest probability of search success (30, 22, 49). However, not all countries utilize such a methodical and standardised approach (50); Colombian searches often rely on witness testimony to identify an area(s) of interest, followed by deployment of small search teams to visually assess, probe and dig trial pits. Geophysical methods are sometimes used, but there has been little published studies in Colombia, other than control experiments (51, 52, 53, 54).

Geographical Information Systems (GIS) can be used to link geospatial (location) and other data (topography, vegetation cover, land use and transport networks) to other descriptive information (26), such as: noise pollution (55); animal conservation (56) and recording crimes (57). GIS-technology is already assisting intelligence-led policing to predict future crime (58). There has also been success in using GIS to determine the location of clandestine burials (59, 60). 

The aim of this paper is to detail a Colombian missing persons case study to assist South American forensic search investigators to improve their efficiency and recovery rates of locating missing individuals. This was achieved by adopting a more standardized approach to search procedures, informed by ‘Predictive Spatial and Statistical Modelling’ (MESP, by its Spanish abbreviation), to identify two mass burial search areas in difficult terrain and weather conditions. Ground investigations then identified surface depressions forensic geomorphology techniques, before near-surface geophysical methods were used on targeted areas before subsequent probing and intrusive investigations.


Material and Methods

Predictive Spatial and Statistical Modeling (MESP)

Predictive Spatial and Statistical Modelling (MESP) utilizes Maximum Entropy Modeling (MaxEnt) software, a machine-learning technique, which is often used to predict species distribution in certain grid cells, according to user-specified inputs (61). Here it was used to predict the probable locations of missing people, based on information gained from a GIS-database (Quantum GIS software, version 2.10.2 (Pisa) (6)). 

GIS has been applied in forensic cases to track and analyse crime data which can reveal patterns, including repeat offenses (58). For example, the “Shankill butchers” were an Ulster loyalist gang operating in Northern Ireland (1970s – 1980s) and were responsible for the deaths of at least 23 people (31). Using GIS analysis, it was possible to establish the spatial relationship between the location of abductions, at the zones of intersection between public transport routes and territorial gang areas, and body deposition sites (26).

MESP modeling steps used in this study were: (A) used the existing Colombian database (19) to centralise, compile and triangulate relevant information on missing persons, known criminal and para-military activities/locations, military base locations, police reports, and past search and exhumation information (e.g. burial style, soil type, surrounding vegetation, location, etc. see (2,4,13,14)). (B) Parallel activity to collate information from the respective victim’s family, chiefly; (1) the missing persons disappearance location where known, (2) witness testimonies where available and (3) missing individual’s social activities with available spatial location(s). These two steps were then used to process, classify, analyze and visualize two predicted locations for further ground investigation. 

Diggability surveys 

Diggability surveys often form part of pre-search reconnaissance visits to crime scenes or search areas (62). Surveys are conducted with probes or by digging to measure the ease in which soil can be excavated and re-filled. Trial pits can also identify soil type and its structure. A RAG (red-amber-green) coding system is often used to determine the most likely location for a clandestine burial; as soil types that allow for easy and quick digging (coded green) will be preferred to soil which requires a lot of effort and time to dig (coded red) – see (62, 63). 

Study site investigations

Chameza area search

Using the MESP modeling method, based on witness testimony and social cartography, a potential burial site was identified in the Chameza area, west of Casanare province. The site was at an altitude of 2,018 m above sea level, on a north-facing slope of the Cerro San José Mountain (Fig. 2). Due to the steep and narrow wooded terrain, it was only possible to access the search area via horseback, carrying the necessary ground investigative geoscientific equipment (Fig. 3). There are no historical photographs of the site available; however, the isolated location and well-established mature vegetation suggested little change from when the burial was thought to have been occurred ~14 years ago.  
[image: ]
Fig. 2. A photograph of the proposed search (yellow dot) area in San Jose Mountain, near the town of Chameza, at an altitude of 2,018 m above sea level (masl). This remote and rugged location was identified by MESP spatial predictive modeling (see text).
[image: ]
Fig 3. Access to the proposed survey site (Fig. 2) was only accessible via dense woodland and rugged terrain. Horses were needed to carry geoscientific equipment.

Chameza site reconnaissance 

[bookmark: _Hlk5649544]Initial trial pits showed the site to have clay soil with rock fragments; undulating surface topography and dense vegetation in a humid tropical forest (see Figs. 2-3). Visual soil profiling revealed three horizons: an ‘A’ horizon to be 0.10 m thick and black, indicating the presence of organic matter, an underlying ‘B’ horizon to be 0.10 m – 0.20 m thick and composed of grey clay, 0.20 m - 0.5 m was yellow clay. 

Once the priority area was identified, it was cleared of leaf litter (0.10 m – 0.15 m thick) and other surface non-forensic items. A diggability survey, consisting of probing and trial pits, was also conducted, in order to determine if any areas of disturbance were visible which may arise from differences in soil compaction following best practice (see (22)). 35 surface topographic depressions, that were human-sized within the search area, were identified and then carefully probed with a steel metal pole, as can be indicative of a potential grave site (see (22) and Fig. 4).

Due to the clay-rich soil and numerous trees onsite, it was decide that GPR would not be suitable as a geophysics survey technique, as best practice suggests relatively poor signal penetration in clay-rich soils and numerous non-target anomalies from tree roots (see (22)). A series of 2D ERT profiles were collected on east-west orientations (see (15) and Fig. 4 for location). ERT 2D profile separation was 1 m with a 0.5 m electrode probe spacing for all profiles, as judged sufficient here (see (64)). It would be best practice to obtain these profiles in north-south orientation but due to time constraints with the local judiciary this was not possible.
[image: ]
Fig. 4. Schematic survey area map in San Jose´s Mountain, near Chameza, showing the locations of surface depressions, and ERT profile positions (L1 to L8). 

Recetor area search

Using the MESP modelling software results, a potential burial site was also identified near to Teguita Alta, in the municipality of Receptor, west of Casanare province. This location was located around a now-disused school (1,658 masl), which was a paramilitary camp during the 1980s-1990s (Fig. 5). Testimonies from survivors and families of victims, who had been held there, assisted to identify a survey area for more detailed investigations. 

[image: ]
Fig. 5. Photograph of the proposed clandestine grave site located at a disused school (one building in background) near Recetor, previously occupied by paramilitary groups in the 1980s-1990s. Line marks the position of the ERT and circle area was intrusively investigated.

Receptor site reconnaissance 

The identified survey area had an undulating topographic surface with little vegetation. Visual soil profiling of a trial pit revealed the ‘A’ horizon to be 0.10 m thick and black indicating the presence of organic matter, the ‘B’ horizon to be 0.10 m – 0.40 m thick yellow clay without a grey layer unlike site 1.

An initial visual topographic survey of the site was undertaken to note any surface depressions, with one being identified (see Fig. 6). As per site 1, the clay-rich soil precluded GPR to be optimal as a geophysical survey technique at this site, so an ERT 2D profile was collected over the single depression, which was located ~15 m from the road/track (Fig. 6).


[image: ]
Fig. 6. Schematic survey area map of the ex-school near Receptor, showing the location of the identified surface depression and the ERT 2D profile (15,5 m long).

ERT collection and processing

ERT 2D profiles were acquired at both sites (see Figs. 8 and 10 for respective locations), using a GeoAmp 303 system, which comprised 32 electrodes at 0.5 m probe spacings on 2D profile lines and using a Wenner array configuration following standard practices (see (38)). The spatial distance between each profile was 1 m.
Raw ERT profiles were then individually processed and inverted utilising a least-squares inversion approach using Geotomo™ Res2Dinv v.355 software in accordance with (65) resistivity surveying recommendations.  Half-cell spacing was utilized during the inversion process to remove potential edge effects and reduce any near-surface electrical resistivity variations respectively.  

Results

Chámeza site

A forensic geomorphology site survey identified 35 surface topographic depressions (see Fig. 4 for locations). This was the main area that eight 2D ERT profiles were then collected over (Fig. 4) and processed the same as the Receptor site data.

The eight 2D ERT profile inversion results showed mostly relatively high resistivities, albeit with widely varying measured apparent resistivity values ~ 20 ohm.m to 20,000 ohm.m (Fig. 7). RMS errors of inversion, when compared to the input raw/model data, averaged 15% which was higher than optimal (see (65)), most probably due to the difficult terrain and near-surface variations.

An isolated relative low resistive anomaly, with respect to background values, was identified on profile L1 that could be correlated to one of the 35 topographic depression (Fig.7).  This was subsequently intrusively investigated and was found to be a large buried rock boulder approximately 0.25 m x 0.10 m x 0.10 m at a depth of 0.75 m below the ground surface (Fig. 8). The other 34 topographic depressions were also intrusively investigated and found to contain smaller rock fragments.
[image: ][image: ][image: ][image: ][image: ][image: ][image: ]
Fig. 7. ERT 2D profiles L1-L7 (see Fig. 4 for respective locations) inversions at the Chameza mountainous terrain site. L8 profile data was corrupted.
[image: ]
Fig. 8. Photograph of a large rock boulder (0.25 m x 0.10 m x 0.10 m) found at a depth of 0.75 m during intrusive investigation of the resistive anomaly identified on ERT profile L1.  1 m scale survey pole for scale.
Recetor site

Using the same methodology as for the Chameza site, on initial inspection in the ex-school grounds, a forensic geomorphology site survey identified only one surface topographic depression (see Fig. 6). One 15.5 m long 2D ERT profile was collected over this, with the surface depression being located in the profile center (Fig. 6).

The ERT 2D profile results (Fig. 9) showed two isolated high anomalies, when compared to background values. The central anomaly was intrusively investigated by hand, with a disturbed earth pit with dimensions of 0.5 m x 0.6. m x 1.5 m deep.  This was approximately the same size as the resistivity anomaly (See Fig. 9). Bone fragments were discovered at the base (Fig. 10), but subsequently found to be bovine in origin. The larger anomaly was not investigated as this was decided to be too large to be manmade.
  [image: ]
Fig. 9. ERT 2D profile inversion at the Recetor site (see Fig. 6 for location). Red areas indicate relative anomalous resistivities, with the smaller one intrusively investigated (Fig. 10). 
[bookmark: _GoBack][image: ]
Fig. 10. Photograph showing the discovered burial pit at site 2 (Recetor) in the middle of the surface depression and ERT profile (Fig. 4 for location). Grey bone fragments clearly visible at the burial pit base.


Discussion

Although there have been controlled experiments using electrical resistivity over simulated graves (51-54), this is the first published case study that has used forensic geoscience methods (spatial modeling, forensic geomorphology and near-surface geophysics) to try to locate clandestine graves in Colombia, noting the GPR study in Brazil (66) and the electrical resistivity and GPR study in Argentina (67). The discussion will now sequentially comment on the study aims and relate to others.

Research aims were “to detail a Colombian search case study to assist South American forensic search investigators to improve their efficiency and recovery rates of locating missing individuals”. In fact, two case studies were presented in quite different depositional environments, each with their own challenges.

The first Chameza study area was probably the most difficult logistically, being in hilly mountainous and wooded terrain.  The surveys and subsequent intrusive investigations were not successful, but that is not unusual in such cases. Other forensic search investigators have searched for clandestine graves in such environments, some successfully (e.g. in Spain (10) and in Bosnia (15)), and others not (e.g. in Spain (68)), albeit mostly using GPR methods.  (37) used EM and GPR methods successfully in wooded terrain in New Zealand looking for a similar-aged clandestine burial.

The second Receptor study area in the grounds of the ex-school was successful, in that a surface topographic depression was identified, geophysical data collected over it which identified a resistivity anomaly, intrusively investigated and found to be a burial pit, albeit containing animal (bovine) remains. Many discovered clandestine graves are found either near or within built structures (see (22,48)), and therefore are well worth prioritizing and investigating.

It is suggested that initial areas be the subject of further search techniques using the Red-Amber-Green methods detailed by others (see 62,63)), but this was not used here.

It is known that ground depressions become more pronounced when underlying cadaver chest cavities collapses (69), with corresponding depressions in the ground surface (70) and so surface depressions became important during visual inspections. Simulated (54, 71) and graveyard geophysical surveys (72) have shown that older graves are progressively more difficult to locate, using near-surface geophysical methods, as the measurable geophysical contrast between ‘grave targets’ and background levels decreases. In both survey locations, the age of the suspected graves (~14 years old) meant that there would be a reduced geophysical response, when compared to those relatively freshly buried graves. 

This paper also demonstrates how using ‘Predictive Spatial and Statistical Modelling’ methods, using relevant input data, can be critical to narrowing down the potential search area(s).  Other authors have had some success using these methods, such as (60) when searching for a simulated isolated grave in mountainous terrain in Italy. (60) also detailed how specific GIS case technology and case notes could help with narrowing down a specific search area and (31) details how to use database information to inform crime clustering patterns.

For specific site searches, forensic geomorphology, such as (29) documents, can also rapidly identify suspect areas for subsequent investigation, geophysics in this case.  Near-surface geophysical methods have been shown to be invaluable in targeting a sub-area for subsequent intrusive investigations (see (2, 3, 5, 66)), which is evidenced in this case study, albeit for an animal grave to be located.  Although ERT surveys are relatively slow to set out and collect data, when compared to EM methods for example (see (36)), they are effective to identify anomalous areas, especially in this difficult depositional clay-rich soil in wooded environments that may preclude the more commonly-utilized GPR to be effective.


Conclusions

This study aimed to test methodologies and equipment to locate the Columbian remains of suspected victims from atrocities 14 years ago. Researchers used spatial modeling using a variety of input data, including witness statements, survivor’s testimonies and known areas of activity, to narrow down two sites to be investigated, one in remote mountainous wooded terrain near Chameza, and the other in the ground of an ex-school near Recetor. After reconnaissance trial pits evidenced clay-rich soil, surface geomorphology analysis was then undertaken, identifying a series of topographic surface depressions.  Near surface geophysical data, in this case ERT 2D profiles, were collected, with a series of isolated resistivity anomalous areas identified in both sites. Subsequent intrusive investigations of targeted areas did locate one burial pit, albeit containing animal not human remains

A combined geoscientific approach is thus suggested for other investigations, once suspected sites have been located (in this case using MESP spatial modeling), initial ground reconnaissance included control grave for investigating soil type(s) and to identify surface topography depression styles.  Thereafter forensic geomorphology analysis should be undertaken to identify shallow depressions at both sites. Subsequent near-surface geophysical surveys are then recommended, in this case using ERT due to the clay-rich soil type onsite and wooded terrain precluding GPR. Subsequent intrusive investigations of geophysical anomalies should then be undertaken.


Further work should investigate other sites in Colombia, and indeed in other Latin American countries, to investigate this strategy in burial target detection, which can only improve as more information is collected and used to better define the search methods detailed. 
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