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Abstract

:

This research, examining the site of the HKP Forced-Labor Camp in Vilnius, Lithuania, located and better defined the characteristics and remaining features of the 1944 camp. There were four over-arching objectives for this research. First, to find the entrance into the principal hiding place where Jews interned in the camp took refuge just before the camp’s liquidation by the Nazis and their local collaborators. Next, find the location of the burial trench(es) where Jewish prisoners who were found in hiding were murdered and initially buried. Next, to find the mass-burial site where Jewish survivors reburied the remains from the trench(es). Lastly, to locate any other evidence related to the murder of Jews at the HKP 562 site. Ground-Penetrating Radar (GPR) found the principal hiding place in the basement of Building 2. Electrical Resistivity Tomography (ERT) discovered the two trenches where camp inhabitants who were shot on-site during liquidation were first buried. ERT also found the location of the mass grave that holds the reburied remains from the trenches. Bullet-scarred walls near the burial trenches indicate where the Jews were shot on-site. This research solved one of the thousands of unknowns about the Holocaust, using geoscience to uncover forgotten and hidden history. The materials and methodologies used in this research can be applied in uncovering this history at thousands of other Holocaust and genocide sites worldwide.
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1. Introduction


Geoarchaeology is a sub-field of archaeology and geoscience that uses techniques from geosciences to examine topics that inform archaeologic and historic knowledge [1,2]. Our research uses geoscience (mostly geophysics) to assist in writing/rewriting the history of Holocaust sites [3,4]. Many Holocaust sites are not systematically studied because very little is known about them, and much remains undiscovered. Some of these known sites possess numerous unknowns about what happened in these places [5]. That is the case with the German Army Motor-Vehicle-Repair Park 562 (German translation: Heereskraftfahrpark (HKP) 562), which is east of the Jewish Ghetto in Vilnius, Lithuania (Figure 1). HKP 562 (hereafter, HKP) was a forced-labor camp where Jewish men repaired Nazi Army vehicles. What makes this place unique in the realm of Nazi forced-labor camps and the Holocaust is the intent behind its inception, operation, and eventual closure.



Jewish men who worked at the vehicle repair facilities in Vilnius were transferred from the Jewish Ghetto to HKP to be closer to their work location, beginning in September 1943. The Nazi officer in charge of the direct day-to-day operations at HKP (Major Karl Plagge) argued to his superiors that the workers would be more enthusiastic and work harder if they could have their families stay with them at the camp. Plagge’s vision for HKP was to be a more-or-less self-contained operation that was much more than just a place to repair Nazi vehicles. In Plagge’s mind, it was a humanitarian effort to preserve Jewish lives [6]. Plagge acted out of humanitarian principles, but this was not because he was inherently opposed to Nazism. Plagge, a World War I veteran, joined the National Socialist German Workers’ Party (later known as the Nazi Party) in 1931 to be a part of the effort to rebuild Germany following the economic collapse after World War I.



The workers at HKP were certified by Plagge as skilled mechanics, although most possessed no knowledge of vehicle repair. Being certified meant they were not subject to being removed from the Vilnius Ghetto to be murdered. The Jewish men who were selected to go to HKP learned on the job. They quickly developed expertise that fooled Plagge’s superiors and made HKP a successful operation for repairing Nazi vehicles. In January 1944, the Nazi commanders controlling operations in Vilnius demanded that Plagge remove the women and children from HKP because they spent their days sitting idle. The plan was to send the women and children to the Kaunas Concentration Camp, about 100 km west. Instead, Plagge set up sewing workshops at HKP to put the women and children to work, repairing and sewing clothing for the Nazi war effort, which temporarily appeased his superiors.



All changed at HKP in March 1944 while Plagge was away from the camp visiting his family in Germany. The Nazis removed as many children as they could find from HKP and murdered them in the nearby forest. Then, in early July 1944, the Nazis and their local collaborators attempted a total liquidation of the over 1000 remaining inhabitants in the camp [6,7,8]. Just before the liquidation, about half of the remaining inhabitants went into prepared hiding places. The Nazis and local collaborators murdered all Jews they located upon arrival, taking them to the nearby forest to be shot [9,10]. This forest goes by several different names in the Holocaust literature for Lithuania. Ponar, as it was known to Vilnius’s Yiddish-speaking Jewish community, or Ponary in Polish, and Paneriai in Lithuanian, are all acceptable for identifying this site (see Figure 1). For this paper, we use Ponary, which seems to be the most common usage. All persons the Nazis could find in their hiding places during the liquidation of the camp were shot on-site. Approximately 200 Jews emerged from hiding when the (Soviet) Red Army [6,7,11,12] liberated the camp.



Using geophysical analysis [9,13,14] at the HKP site, this research intended to locate and better define the characteristics and remaining features of the 1944 camp before urban renewal destroys the site. For example, the location of the principal hiding place, where the Jews took refuge just before the camp’s liquidation, is unknown. In addition, the location of the trenches or the mass grave remains unknown. This research attempts to solve one of the thousands of unknowns about the Holocaust, using geoscience to uncover forgotten and hidden history. The materials and methodologies used for this research apply to finding this history at thousands of other Holocaust and genocide sites around the world [15,16,17].



Expanded Historical and Cultural Context


The Holocaust represents an extreme moral low in human history. The murder of men, women, children, the old, the young, and the middle-aged by the Nazis and collaborators destroyed families and their culture. An estimated 17 million people were murdered between 1933 and 1945, according to the United States Holocaust Memorial Museum (USHMM) [18]. The German SS (Schutzstaffel—Special Police Force) [19], their Einsatzgruppen (special action mobile killing groups who followed the German army as it invaded and occupied countries in Europe) [20], and local collaborators killed an estimated 3 million Jews, and other undesirables, at the Auschwitz-Birkenau, Sobibor, Belzec, and Treblinka extermination camps alone [21,22]. The undesirables included Romani Travelling communities, Jehovah’s Witnesses, homosexuals, Black people, the physically and mentally disabled, political opponents, dissenting clergy, resistance fighters, prisoners of war, Slavic peoples, and individuals from artistic communities [23].



In Lithuania, the so-called “Holocaust by Bullets” started in June 1941. The murder of Jews at the Operation Reinhard camps (Belzec, Sobibor, and Treblinka) [22,23], mainly by gassing, did not begin until March 1942. Before establishing these killing centers, the preferred method of murder was by shooting [24]. By early 1941, the Jewish population of Lithuania increased because of an influx of refugees from German-occupied Poland, and it reached nearly 250,000, about 10 percent of the total population. By late August 1941, the Nazis and collaborators had shot most Jews in rural areas and, by November 1941, had killed many Jews in ghettos in larger cities such as Vilnius. By the time Red Army troops reoccupied Lithuania in July 1944, the Germans had murdered about 90 percent of the Jews in Lithuania, one of the highest victim rates in Europe [24].



Amidst the Jewish misery of the Holocaust, there are few stories of triumph. However, two small victories did occur amongst all the tragedies in the vicinity of Vilnius. One happened at the Nazi extermination center in the Ponary Forest in March 1944. This forest was where the children from HKP and the adult men and women, as part of the camp liquidation, were sent. In total, approximately 70,000 Jews and 30,000 undesirables died at Ponary at the hands of the Nazis and local collaborators between July 1941 and July 1944. The camp was at a former Soviet fuel depot under construction when the Nazis occupied Lithuania. The Nazis converted this site in the forest about 12 km southwest of the Vilnius Ghetto into a facility whose sole purpose was the murder and burial of Jews and undesirables. Figure 2 is a map of the camp and related facilities, compiled from the fragments of evidence that still exists about the area. The core area is where pits dug by the Soviets to house fuel tanks became the focus of the murder and burial operations at the site [10]. The Lithuanian government has memorialized six of these pits at Ponary. However, our research team discovered one additional pit as part of research at the site in July 2016 that has not yet been memorialized [9,10].



With the loss of the war imminent, and the Red Army inching closer from the west, in late September 1943, Nazi officials sent a group of 80 Jewish prisoners to Ponary to dig up the bodies of the victims, burn them, and then rebury the ashes, in an attempt to hide the atrocities that occurred there. The Jewish prisoners—knowing their eventual fate when their work was done—dug an escape tunnel every night for three months. On 15 April 1944, 40 prisoners escaped through the 35-m-long tunnel, but guards killed many escapees seen in the surrounding forest. Fifteen eluded the guards, and eleven joined with the partisans in the Rudniki Forest and survived the war [9,25]. Using the geophysical technique of Electrical Resistivity Tomography (ERT), the existence and location of this escape tunnel were verified [9,10]. Figure 2 presents the location and geographic context of the tunnel.



The story of Oskar Schindler and his protection of nearly 1100 Jews who worked in his factory in Poland is well-known and provides another example of human triumph in the face of tragedy [26,27]. A somewhat similar story to that of Schindler, but lesser known, is the story of Karl Plagge [6,7,11] and Heereskraftfahrpark (HKP) 562. Plagge differed from Schindler in that he was a military man, a major in the German Wehrmacht Engineering Unit, where he was in command of HKP 562. Although the SS officially administered this unit, Major Plagge ran its day-to-day operation. Plagge was sympathetic to the plight of his Jewish workers, and he and some of his men tried to protect Jews from the murderous intent of the SS. As already established, he provided work certificates to Jewish men in the ghetto, certifying them as essential and skilled workers regardless of their backgrounds. This work permit protected the workers, their wives, and two of their children from the SS. In September 1943, when Plagge heard of plans to liquidate the Vilnius Ghetto, he moved approximately 350 men, their wives, and two children (for a total of about 1000 people) to HKP Camp 562. Plagge created HKP 562 on the outskirts of Vilnius (see Figure 1) at two already-existing six-story housing blocks from the early 1900s (Figure 3). The workers and their families lived at HKP in relative safety under the protection of Major Plagge [6,28].



On 27 March 1944, while Major Plagge was in Germany visiting his family, as many as 200 children were rounded up at HKP 562 by the SS and murdered in the Ponary Forest as part of a Kinder Aktion (action against the children). On 1 July 1944, Major Plagge was back in the camp, and he addressed the prisoners to inform them that the SS was to arrive on July 3 to relocate them to a new work camp. Many of the Jews took this to mean that they would be killed (liquidated) on that day, and about half went into prepared hiding places they called “malinas” (named for a slang word in use at that time meaning a place where criminals hide from authorities) [29]. On 3 July, the SS called for all camp residents to appear for a roll call. The approximately 500 persons that did were immediately transported to the Ponary Forest, shot, and buried. A search over the next three days found about 200 Jews in hiding. They were shot and hastily buried in mass-burial trenches on-site. The SS then fled as the Red Army approached. Upon their arrival, the Jews still hiding in their malinas emerged and soon realized that all other camp residents were gone, or they lay rotting in shallow trenches at HKP. Over the next several days, the remaining Jews removed the bodies from the trenches and reburied them in one mass grave somewhere on the HKP site [6,7,8].



The existing knowledge about HKP 562 comes from Jewish survivors and testimony and evidence from the 1947 war crimes trial of Karl Plagge [30]. Jewish survivors from HKP testified on behalf of Major Plagge at his trial. Upon its conclusion, he was allowed to return to his hometown of Darmstadt, Germany, to live out his remaining days (he died in 1957). After the war, details about the HKP 562 Camp became hazy memories, and—like thousands of other sites of importance in the Holocaust—these memories faded with time.





2. Materials and Methodology


In the summer of 2017, equipped with Ground-Penetrating Radar (GPR) and Electrical Resistivity Tomography (ERT) instrumentation, a drone, and a Global Positioning System (GPS) and Total Station land surveying system, data were collected in and around the site of HKP Camp 562 [13,14,15,16,17]. The objectives of this project’s research design were to: (1) locate the site of an entrance into the largest malina; (2) determine the location of the original burial trench(es) for the Jewish prisoners found in hiding and murdered by the SS; (3) find the precise location of the mass-burial site were Jewish survivors reburied the remains from the trench(es); and (4) locate any other evidence related to the murder of Jews at the HKP 562 site. Meeting these objectives will contribute significantly to understanding what transpired at the site and can serve as a model for other endeavors to uncover the hidden history of the Holocaust and genocide at thousands of other never or poorly studied sites worldwide.



This research used the following methods on-site at HKP.



2.1. Gridding


All local grid maps for this project were georeferenced to the datum of WGS84, Zone 35N (EPSG:32635) for Lithuania. In addition, Topcon Total Station and Trimble Geo7 GPS data were georeferenced to the datum of WGS84, UTM Zone 35N. High-resolution (2 cm/pixel) Mavic Pro or M100 UAV orthophotos from drone surveys and Google Earth images served as georeferenced backdrops for some project base maps.




2.2. Ground-Penetrating Radar (GPR)


GPR is a shallow, non-invasive, subsurface investigation technique capable of mapping interfaces in a cross-sectional format. GPR measures the propagation time of high-frequency electromagnetic pulses reflected from interfaces between materials of different electrical properties. Radar reflections can occur with abrupt changes in moisture content, grain size, porosity, or soil texture. Reflections can also result from the disturbance of the soil structure caused by digging pits or ditches, and in an archaeological context from energy scattering off discrete objects such as large pieces of pottery or lithic artifacts, or internal reflections within void spaces or large pots.



This survey utilized a hand-towed 500 MHz antenna system (Figure 4). In the typically sandy soils in Vilnius, with a radar velocity of 0.10 m/nanosecond (m/ns), 500 MHz antennas have a wavelength of about 12 cm. As such, they can use imaging features of size on the order of 0.12 m but can detect objects on the order of size of a quarter wavelength, or 0.03 m. Generally, GPR data traces are collected every 0.02 m along lines spaced 0.25 m apart. First, the digital profiles were downloaded, saved to an external hard drive, processed, and plotted using pulseEKKO, GFP Edit, and EKKO_Project software packages [30]. Basic processing included automatic gain control (AGC), signal saturation correction, trace stacking (horizontal averaging), and point stacking (running average), as well as other routines when necessary. Next, these very dense vertical two-dimensional data sets (called sections) were gridded into volumes. The three-dimensional volumes were then horizontally “sliced” down in intervals of 0.05 m thickness. Finally, using a velocity of 0.100 m/ns, a time-to-depth conversion was completed.




2.3. Electrical Resistivity Tomography (ERT) and Induced Polarization (IP) Cross-Sectional Imaging


ERT is a technique for mapping the distribution of subsurface electrical resistivity (or its inverse conductivity) in a cross-sectional format. Resistivity data are collected through a linear array of electrodes coupled to a direct current (DC) resistivity transmitter and receiver, and electronic switching relays. The spacing between electrodes essentially controls the horizontal and vertical resolution of the data (smaller spacing results in higher horizontal and vertical resolution). Similarly, the array’s length controls the investigation depth (more extended arrays yield greater investigation depths). Data collection is sequential and automated, taking advantage of all possible combinations of current injection and potential measurement electrodes. First, downloaded data are processed and analyzed on a laptop computer, often in the field. Then, the data are inverted (i.e., modeled) using a two-dimensional (2D) finite difference or finite element inversion routine using the software package RES2D [31]. The final product is a 2D cross-section (known as a “true” geoelectric section) plotting resistivity (in Ohm-m), or conductivity (in milliSiemens per meters [mS/m]), versus depth.



IP is a second electrical imaging survey collected simultaneously and with the same equipment as the ERT survey. While resistivity surveys image the subsurface in terms of its unit volume resistance to the passage of electrical current, IP images the subsurface in terms of its changeability, which is loosely analogous to the ability of the subsurface to store electrical charge. Resistivity measurements take place while current passes through the subsurface. During IP measurement, no current actively transmits through the subsurface materials. Chargeability, measured in milliseconds (msec), represents the area under the voltage curve that rapidly decays after current transmission ceases. A chargeability section can be inverted (i.e., modeled) from the acquired raw IP data. Generally, sand and silt will have zero chargeability, and clay may have a very low but measurable chargeability of a few msec. Metal objects can have a chargeability of tens, hundreds, or thousands of msec, depending on the size, surface area, and depth of burial.




2.4. Unmanned Aerial Vehicle (UAV) Photogrammetry and Multispectral Aerial Photography


Multispectral imagery and visible light photogrammetry (also called RGB or red, green, blue color model) were collected from a MicaSense Sequoia [32,33] camera mounted on to a DJI Matrice 100 quadcopter UAV [34] (also called a “drone”). The Sequoia records four discrete spectral bands of light (MicaSense 2016), including green, red, Red Edge, and near-infrared (NIR). Conventional photographs are also captured with the RGB visible light imager. A higher-quality visible light camera (a 12.0-megapixel DJI Zenmeuse X3) was also mounted on the Matrice 100 to improve the quality of the photogrammetry.



Reflected energy in the green spectral band (wavelengths of 530 nanometers [nm] to 570 nm) can correlate to leaf chlorophyll content. As such, the green band may provide information where vegetation is stressed due to, for instance, buried pavement or a shallowly buried wall limiting root growth. Or the green band may indicate areas of unusually healthy vegetation due to, for example, the remains of an old garden plot or in the context of this research human burials, which may be capturing more moisture and nutrients. The red spectral band (wavelengths of 640–680 nm) is often strongly absorbed by vegetation. As such, red band energy is used in the vegetation indices (such as Normalized Difference Vegetation Index (NDVI)) to calculate vegetation stress or to contrast vegetation with exposed soil. The Red Edge band (narrow band of wavelengths of 730 nm–740 nm) bridges the spectrum for red to near-infrared reflectance and is particularly sensitive to plant nutrient stress. Near-infrared wavelengths (770 nm–810 nm) are sensitive to vegetation type and stress.



Photogrammetry is the science of creating maps from photographs. The photogrammetry software Pix4D was used to manage all multispectral information. Using data from the Matrice 100 quadcopter flown at approximately 40 m, an orthophoto (i.e., a photographic base map) was created using Pix4D and Agisoft Photo Scan software platforms. These orthophotos have a resolution of about 5 cm/pixel or less. Georeferencing was accomplished with drone-mounted GPS and GPS locating of discrete features on the ground (e.g., the corner of a paved walkway) that appear in the drone image and georeferenced intentionally placed aerial targets.




2.5. Archival and Testimony Research


An understanding of the historical significance of a place such as HKP often comes from written and oral testimony. As with many places where the Nazis perpetrated atrocities, many witnesses were murdered and could not write down or tell their stories [35]. Yad Vashem, the World Holocaust Remembrance Center, contains hundreds of millions of pages of documents, photographs, and video, audio, and written testimonies. It does have a few testimonies from HKP. Included below is a small but very pertinent sample of testimonies related to the liquidation of and survival at HKP. What was said in the testimony greatly influenced where geophysical analysis took place at the site. The linking of this invaluable cultural/historical resource with geoscience techniques predicated discoveries at the HKP site.



Survivor testimonies indicated that the SS murdered Jews found in hiding on-site. See below a testimony from survivor Mosche (Moses) Feigenberg [36]:


“Discovering a large percentage of inmates did not appear at the inspection, the Germans started a search of both buildings, and those discovered there (numbering about 200) were shot immediately in the yard.”







From Esther Bratt’s testimony [37]:


“The Germans also found some hiding places, dug shallow graves in the yard, and shot the people. When families returned (who emerged from hiding), these graves were barely covered.”







From Perella Esterowicz’s (Pearl Good) Memoir [6,38]:


“We passed the incompletely buried corpses of those whose hiding places had been discovered by the Germans and shot on the spot.”








2.6. Linking the Testimony to the Research Design


Near the outside wall of Building 2, witnesses reported that prisoners were shot and buried in a long trench [6]. A photograph inserted as part of Figure 3 shows how the HKP site looked at the end of World War II. As seen in the photograph, a wooden fence surrounded the turn of the 20th-century buildings and several outbuildings. As stated in Esther Bratt’s testimony [37], the Nazis shot the Jews found in hiding and buried them near the “yard,” which is on the west side of Building 2. This location is along the visible side of the building in the photograph and just off the right edge from the viewer’s perspective (see Figure 3).



This information also links to the image in Figure 3, which is a visual base map of the site built on information collected in part from a drone and testimony, and plotted on a 2021 Google Earth satellite image. Based in part on Esther Bratt’s testimony [37], 50- and 40-m-long ERT transect lines were placed (Figure 5) along the west side of Building 2, adjacent to the area that the survivors called “the yard.” In addition, Sidney Handler provided personal testimony at HKP in 2017, who, as a ten-year-old in 1944, survived the camp’s liquidation by the Nazis. Upon emerging from his hiding place in the attic of Building 2, he saw a hastily dug grave(s). He could point to this general area in 2017, which further refined the placement of the two ERT transect lines.




2.7. Existing Map, Air Photo, and Satellite Image Review


Historic maps and air photos were accessed online through the Central State Archives of Lithuania [39]. This site, in part, utilizes ESRI’s Storytelling Solutions Software [40], and contains ArcGIS Story Maps [41] for Lithuania. The user can zoom in and “toggle” back and forth between a 2016 country-wide map, and where coverage exists—World War II era air photos. Unfortunately, the site of HKP 562 is not visible in these air photos because of thick cloud cover. Satellite images for multiple years, from 1985 to 2022, were obtained using the online features of Google Earth. Images were compared visually, and overlays were created using Adobe Illustrator software [42].





3. Results


3.1. Photogrammetric Data


Photogrammetric data were collected using a drone, which provided a high-resolution rendering of the study area. Analysis of reflected energy from the multispectral bands collected via the drone in the green spectral band indicated no vegetation stress related to possible buried architectural structures or no areas of unusually healthy vegetation due to, for example, old garden plots or buried bodies. Analysis of the red spectral band also did not indicate any vegetation stress.




3.2. The Burial Trenches


Resistivity anomalies are present along ERT lines 1 and 2 (top two profiles in Figure 6). These anomalies likely indicate variations, from the near-surface down to two meters, in soil compaction, bulk density, porosity, and permeability, compared to surrounding materials [43]. Digging a trench, filling it with bodies, removing the bodies for reburial, and refilling the trench influence these soil properties. The anomalies, correlated with the testimonies and memoirs [36,37,38], indicate that this is the most likely location of the burial trenches. Interpretation of this data shows that resistivity anomalies exist between 6 and 18 m (anomaly A in Figure 6) and 26 and 34 m (anomaly B in Figure 6) along both lines. Hence, there are two separate burial trenches, one 12 m long and the other 8 m long. The trenches are sufficiently wide to be detected in both ERT lines, meaning they are at least three meters wide. No IP anomalies, indicating the presence of metal, were detected in either ERT line.



Further fortifying that ERT lines 1 and 2 intersected the burial trenches is the presence of damage caused by bullet impacts to the walls of Building 2. Figure 7 is a photograph taken in 2017 of the ground floor section of the southeast-facing wall of HKP Building 2. Damage from bullet impacts, circled in red, is readily apparent. The bullet-damaged wall sections are <4 m from the burial trenches (see Figure 3), indicating that the victims murdered on-site were shot very near the trenches. These scars in the brick correlate with the upper center mass and head area of the shooting victims.




3.3. Malina Location and Entrance


Michael Good’s [6] description, and a drawing by Gary Gerstein, provide the only evidence of the location of the malina. Gerstein, who, as an eight-year-old child, hid from the SS in the malina, created a diagram, as an adult, from memory (Figure 8). His diagram depicts two separate malinas in Building 2, with malina no. 2 accessed by moving a stove in a ground-floor apartment. Attempts to locate malina no. 2, on the viewers left in Gerstein’s drawing, were unsuccessful. To confirm the location of the largest malina (no. 1 from Gerstein’s sketch), a GPR grid was placed in the basement that would logically coincide with the entrance depicted in the drawing. The 1899 architectural plan of the basement, which is little changed today, therefore holds for 1944 as well (right side of Figure 9). In Gerstein’s drawing, the malina no. 1 entrance is at the end of a short hallway at the base of the stairs that connect the ground floor to the basement. Figure 9 shows the GPR grid location, malina entrance, and the cross-section of the GPR data. An anomaly (shaded brown) between 2 and 3 m in the profile is clearly visible. The location of this anomaly correlates with where Gerstein’s plotted the entrance in his diagram.



Other features in the vicinity of the GPR grid further corroborate that this is the entrance to malina no. 1. The municipal government, after World War II, installed central steam heating in HKP buildings 1 and 2. Part of this process demolished portions of basement walls, and opened passageways through which the pipes could pass. One such passage was in the vicinity of the malina no. 1 GPR anomaly. A photograph [6] taken from the malina entrance anomaly location (Figure 10), looking through a section of the wall destroyed to allow the steam heat pipes to pass, shows a room that is a portion of malina no. 1.




3.4. The Mass Grave


Based on testimonies and memoirs from survivors [36,37,38], a 45-m-long ERT line was placed in the vicinity of the monuments that memorize the dead [44,45] at HKP to find the precise location of the mass grave (see Figure 3). Monuments are sometimes placed near sites of significance as memorials, with no hard evidence to corroborate that the location is correct [46]. When interpreted, the ERT data collected along line 3 (see the bottom cross-section in Figure 6) indicate an anomaly (anomaly C) that extends from 24 to 38 m along the transect line to depths ranging from 1.0 to 2.5 m below the surface. Similar to ERT lines 1 and 2, ERT line 3 possesses a significant disturbance of the soil, indicative of a hole (trenches in the case of ERT 1 and 2) being excavated and then refilled. Based on survivor testimony [36,37,38] and interpretation of the ERT data, with a high degree of certainty, the mass grave that contains the remains of approximately 200 murdered Jewish prisoners is located between 24 and 38 m along ERT transect line 3 (see Figure 11).





4. Discussion


We often learn history as a coherent string of events leading up to the present moment in perfect bundles [47]. Unfortunately, often this does not hold for the Holocaust because so much is still unknown, and from a humanistic perspective, so much does not make sense. There are thousands of Holocaust sites that remain still undiscovered, are known but not studied, or are poorly studied. Taking an approach that melds geoscience with archaeology has proven viable for uncovering this “hidden” history at HKP.



Research at HKP adds new insights to the knowledge base about this critical—yet little-studied—site. It is a model for how archival and testimony studies, geophysics, mapping, and spatial analysis can work together to study Holocaust and genocide sites. In itself, the drone image, as processed, adds no new information to the existing base of knowledge about what occurred at the site. The expectation was that because the bodies were in the burial trenches for only a few days, there would be no lingering effect of the bodies charging the soils with nutrients, thus enhancing plant growth above the trench. This assertion proved to be correct in the case of the burial trenches. However, because the bodies buried in the mass grave had been there for 73 years, there was a presumed possibility that the drone image would detect reflected energy in the green spectral band, indicating unusually healthy vegetation due to the bodies in the mass grave. Unfortunately, the drone image did not detect this trend. Still, the drone, along with a 2021 Google Earth satellite image, provided a medium for plotting other essential data products (ERT line locations, for example) to establish the spatial relationships between the different data types. Figure 3 shows the spatial relationship between the site of two ERT transect lines, the “yard,” the bullet-scarred wall, the mass grave, the malina location, and a photographic perspective of HKP buildings 1 and 2. Figure 11 further summarizes the location and spatial relationships between these features and serves as the basis for additional discussion.



The place of refuge, malina no. 1 (and its entrance), provided a safe haven for over 100 Jews who survived the camp’s liquidation. A GPR grid was placed in the “most likely” location to encounter the entrance to malina no. 1. using evidence from survivor testimony (Gerstein’s map). Analysis of the GPR data indicated an apparent anomaly at this location. A room associated with the malina, made visible by installing steam pipes in the basement of HKP Building 2, corroborated this fact (see Figure 10). Therefore, all evidence points toward successfully locating the entrance to malina no. 1, and the malina itself.



Along the northwest corner of Building 2, adjacent to the area that survivors of the liquidation called “the yard,” the discovery of bullet-scarred walls and ERT anomalies which indicated two trenches provides direct evidence of the atrocities perpetrated by the SS at HKP. Locating the mass-burial offers direct evidence of these atrocities as well.



The real success of this research is twofold. First, it successfully links data collected using the geophysical techniques GPR and ERT, Global Positioning System (GPS) data, drone imaging, and land surveying with survivor testimony and memoirs, unlocking the hidden and forgotten history of HKP. This information is now part of the historical record, which will live perpetually for this site. Too often, it is easy to mischaracterize Holocaust history that exists in hazy memories of survivors as fact. Data—collected on-site and analyzed by professionals at the top of their fields—bring light to these dim memories and propel them from hearsay to corroborated fact. Secondly, the research design and materials and methodology employed at HKP can serve as the springboard for similar research at thousands of other Holocaust and genocide sites worldwide.




5. Conclusions and Outcomes


The research design for this project put forth four objectives. They were: (1) locate the site of an entrance into the largest malina; (2) determine the location of the original burial trench(es); (3) find the precise location of the mass-burial site where Jewish survivors reburied the remains from the trench(es); and (4) locate any other evidence related to the murder of Jews at the HKP site. Survivor testimony and GPR analysis helped locate the entrance to the largest malina (no. 1). ERT and testimony data helped discover two separate trenches on the west side of Building 2. Given their location, as related to the testimony, and the anomalies’ depth, width, and shape, we feel that these are the initial burial trenches.



Additionally, the ERT data collected in the vicinity of the memorial to the dead at the HKP site indicate a sizable anomaly north of the monuments. Given its location, shape, and depth, we feel that this mass burial contains the bodies from the trenches. Other evidence collected at HKP, such as the bullet-scarred wall on the west side of building 2, further adds to the story of what happened at this place in July 1944.



This research can serve as a model for analysis at other Holocaust and genocide sites. It also more clearly establishes what happened at HKP. As the number of Holocaust survivors continues to decrease and as memories fade, it is essential to add this information to the base of knowledge about this place. Two crumbling apartment buildings that served as housing for the Jews that worked in the camp still occupy the site. Similar to other areas of Vilnius, this area will undoubtedly undergo urban renewal in the coming years. Our work, if nothing else, has written what may be the final chapter of HKP.



Our research team has moved on to conduct similar research at other sites. Since 2017, when we completed research at HKP, we have worked on numerous other projects in Lithuania, Poland, and Latvia. We will continue to uncover this critical and valuable information and tell these “stories” for those that cannot, using geoscience as a tool to write and rewrite the hidden history of the Holocaust.
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Figure 1. The location of Vilnius within Lithuania and maps depicting the Vilnius city limits, the area of the old city, the Vilnius Ghetto, the HKP Forced-Labor Camp, and the Ponary (Forest) extermination Camp. 
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Figure 2. Map of the Ponary (Forest) Extermination Site 12 km southwest of the HKP Camp, showing the location of 6 memorialized burial pits, 12 ERT transect lines, a previously unknown potential burial pit discovered in 2016, and the inferred location of an escape tunnel discovered using ERT. 
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Figure 3. Circa 1944 photograph of the HKP housing buildings (lower left), and a 2021 satellite image with the important locations discussed in this article highlighted. 
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Figure 4. Collecting GPR data between HKP Building 1 and 2, near the memorial to the dead monument. 
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Figure 5. Laying out ERT line 1 on the west side of HKP Building 2. 






Figure 5. Laying out ERT line 1 on the west side of HKP Building 2.



[image: Heritage 06 00024 g005]







[image: Heritage 06 00024 g006 550] 





Figure 6. Cross-section of ERT line 1, 2, and 3 data. 
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Figure 7. West wall of HKP Building 2, with bullet impact scars, indicated. 
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Figure 8. Side view of Malinas 1 and 2, as drawn from memory by Gary Gerstein. 
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Figure 9. GPR grid location, schematic of malina no. 1 location and entrance, and GPR data plot of entrance survey. 






Figure 9. GPR grid location, schematic of malina no. 1 location and entrance, and GPR data plot of entrance survey.



[image: Heritage 06 00024 g009]







[image: Heritage 06 00024 g010 550] 





Figure 10. Opening created in the basement of HKP building exposed a portion of malina no. 1. 
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Figure 11. Map of the HKP Camp with data related to ERT lines 1 and 2; ERT line 3; and the bullet-scarred wall location delineated. 
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