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Abstract. Fires significantly alter the characteristics of natural environments worldwide, impacting forest cover and
surface soil properties. In the Ain Maimoun area of northeastern Algeria, wildfires have uncovered an archaeological
site. This research, conducted through field surveys as part of a damage assessment and rehabilitation evaluation by the
Territory Planning Research Center, utilized Geographic Information Systems (GIS), including Google Earth Engine
and ArcGIS, to identify areas affected by fires in 2014 and 2021. An initial analysis of archaeological signals and re-
mains at the site was also performed. The results indicate that the area was a Roman cemetery, meeting typical archaeo-
logical and geographical conditions. Evidence includes the nature and shape of the rocks, ancient pottery, and illegal
excavation activities related to treasure hunting. The findings also suggest traces of an olive press structure. The signifi-
cance of this discovery is still under evaluation, as the exact boundaries of the site remain unknown. Additionally, many
nearby and distant areas with similar characteristics could potentially be ancient fortifications. One of the most im-
portant implications of this discovery is identifying the archaeological area representing the population related to this
cemetery. The research underscores the necessity of expediting appropriate measures and expanding the understanding
of the site’s boundaries and nature. It emphasizes the importance of incorporating archaeological research in fire-
affected areas and aims to draw authorities’ attention to protecting these areas. Furthermore, it encourages stakeholders
to consider preserving forest heritage and mitigating destructive activities. Lastly, it highlights the significance of using
Geographic Information Systems in archaeological research.
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AHnHoTauus. [IpeacraBieHbl pe3ynbTaThl UCCIAEIOBAaHUH, IPOBECHHBIX B LIENAX BBIABICHUS PalOHOB, MOCTPAJABILNX
ot noxapoB B 2014 u 2021 rr. B paiioHe AiiH MaiiMyH Ha ceBepo-BOCTOKe Ainkupa. B pesynbraTe paboT BBISBICH
Y4YacTOK € apXeOJOTHYECKHMH ITaMATHHUKAMH, IJI¢ PAcIIoNaraloch pUMCKoe Kiaambumie (00 3TOM CBHIETENHCTBYIOT
npuposa u GpopMa KaMHeH, HAXOJKHU JIPEBHEH KepaMHUKH, a TaKXKe CJIe/Ibl HE3aKOHHBIX PACKOIOK, CBSI3aHHBIX C OXOTOM
3a COKPOBHILIAMH; TaKXKe OOHApyKEeHBI OCTATKH Ipecca s MOTydeHHs OIUBKOBOTO Macia). BeiiBuHYTO mpenmomnoske-
HHe, YTO Apyrue Onm3nexaline U OTAaJICHHbIe PalOHbl ¢ aHAIOTMYHBIMU XapaKTePUCTHKAMH TaKXKe MOTYT IpeCTaB-
ITh co00H ApeBHUE ykperieHus. CrenaH BBIBOJ O TOM, UTO HCCIEIOBaHHE IOJUEPKMBAET BAXKHOCTh MPOBEICHHS
apXeoJIOTHYECKUX HCCIe0BAaHUN Ha TEPPUTOPHSAX, IOCTPAAABIINX OT IOXKAPOB, H MPH3BAHO NIPUBIECYb BHUMAHUE BlIa-
CTel K 3aIUTe 3TUX TEPPUTOPHH.

KmioueBble cioBa: Amxup, Tamza, reorpaduueckue HHGOPMAIIMOHHBIE CHCTEMBI, apXeONOTHs, JIECHBIC II0XKAapH,
PaCTUTEINIBHBIN TTOKPOB.
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Introduction

Wildfires are significant hazards that impact natural environments [Avila et al.,
2024]. These fires, caused by various factors [Tout, 2023], have altered the characteris-
tics of landscapes and natural features worldwide [Guehaz, Sivakumar, 2023; Jodhani
et al., 2024; Kreider et al., 2024; Tout, 2023]. In recent years, their increasing frequen-
cy and intensity especially due to climate change have garnered greater attention
[Kreider et al., 2024]. In Algeria, efforts primarily focus on implementing suitable pre-
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vention measures to mitigate these impacts [Belgherbi et al., 2018; Zahira, Hadj,
2017]. At more advanced stages, efforts may include replanting damaged areas or uti-
lizing the resulting timber, though other aspects often receive less attention.

The municipality of Tamza, part of the Khencela district in northeastern Algeria,
frequently experiences wildfires [Guehaz, Sivakumar, 2023]. While the causes of these
fires involve several factors [Ganteaume et al., 2013; Meddour-Sahar et al., 2012] still
under investigation, there is significant focus on assessing the current conditions of the
forested area. The state, through various agencies and forest services, has initiated sev-
eral procedures to conduct effective damage assessments and identify impacted areas.
This includes determining the plant and animal species harmed by these fires [Med-
dour-Sahar et al., 2012].

One of the primary interests of the Research Center for Territorial Planning, with-
in an environmental and geographical context, is to understand the changes in the char-
acteristics that define regions. This involves first comprehending the factors that led to
these changes and assessing the current conditions, and second, proposing alternatives
for rehabilitation and recovery. The ultimate goal is to establish a flexible framework
for addressing and anticipating various hazards, aiming to prevent them when possible.

In the context of researching the wildfires that impacted the Ain Maimoun area in
the municipality of Tamza, which resulted in the destruction of large forested areas
[Guehaz, Sivakumar, 2023], multiple signs indicating a previously invisible archaeo-
logical site have been revealed. The recent wildfires affecting the region, particularly
over the past decade, have led to the removal of vegetation cover and impacted the sur-
face soil, allowing for the identification of new characteristics of the area.

Study Area

The Ain Maimoun area (Fig. 1) is part of the municipality of Tamza in the
Khenchela Province of northeastern Algeria. Located within the Aurés Mountains, it is
known for its natural characteristics, particularly its mountainous and forested land-
scapes. The region falls within a semi-arid climate zone, characterized by hot, dry
summers and cold, rainy winters [Guehaz, Sivakumar, 2023]. This climate supports the
growth of various plant species, especially pine, oak, and some shrubbery. However,
this diverse vegetation also makes the area particularly susceptible to wildfires [Llopis
et al., 2024]. The average annual rainfall ranges from 400 to 500 mm, necessitating
specific water excavation practices in agricultural activities, especially given the recent
water scarcity. The region’s distinctive topographical characteristics provide suitable
conditions for human settlement in various locations.

From an archaeological perspective, the area is not well-known and has not been
previously researched, nor has any archaeological inventory been conducted by official
authorities. Tables 1 and 2 refer to the archaeological properties registered in the prov-
ince at both the local and national levels. Therefore, aside from occasional statements
made by residents about finding remains of ancient civilizations, such as pottery frag-
ments on their agricultural lands or at the start of constructing their rural homes, the
area does not receive any attention in this regard.
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Table 1

Tabn. 1

N Cultural Property Designation Municipality District Historical Period
1 Tibaliyeen Khiran Shashar Roman Period
2 Laktef Baghai Hamma Prehistoric
3 Kadiyat al-Qamh Ain Touila Ain Touila Prehistoric
4 Foris Oulad Rachash Oulad Rachash Ancient (Roman)
5  Tabrouri Al-Mohammal Oulad Rachash Ancient (Roman)
6  Zawiya Mosque Zawiya Village Shashar Islamic Period
Old Premises of the Provincial
Intelligence Department in the
Municipality of Khenchela, Liberation
7 formerlr}’/ a E‘};“rench Gendarmerie Khenchela Khenchela Revolution Era
Barracks” during the colonial
period
Military Barracks hosting the so-
called "Second Office" now the Liberation
8  Internal Urban Security Qais Qais

Headquarters in the Municipality
of Qais

Revolution Era
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Table 2
Nationally classified archaeological sites
(Source: Directorate of Culture of Khenchela Province)
Tabruya 2
HanunoHanpHbIe apXeoIOTHYeCKUe TaMSITHUKA
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. Various
Baghai . State- . 87dated .
01 Palace Baghai Hamma Owned 1999/11/03  National 1999/12/08 HlsForlcal
Periods
SidiAs Al- Oulad State- . 87dated Roman
02 Tomb Mohamma Rachash Owned 1999/11/03  National 08/12/1999  Period
Hammam
State- . 27dated Roman
03 g&;eheen Hamma Hamma Owned 2010/03/17  National 25/04/2010  Period
o1 . State- . Roman
04 Tibaliyeen Khiran Shashar Owned National ~ July 2023 Period
Ras Ma-
tousa (Qa-  Ain Ain State- . Prehistoric
05 diyat Al- Touila Touila ~ Owned National 2024 Period
Fath)
Methodology

The scientific field excursions conducted to assess the effects of the wildfires that
affected the Ain Maimoun area in the municipality of Tamza, northeastern Algeria,
between May 5, 2024, and July 19, 2024, significantly contributed to understanding the
nature of the site. These excursions helped clarify ambiguities and highlight the differ-
ences that characterize the region in terms of the natural forms of rocks and their dis-
tribution.

The fieldwork aimed to provide a broader understanding of the impacts resulting
from the fires of 2014 and 2021. Initially, we relied on Geographic Information Sys-
tems (GIS) to identify the areas affected by these wildfires. These tools have proven
highly effective in analyzing spatial information [Epstein et al., 2024; Fekir et al.,
2022; Khader et al., 2009; Pelletier et al., 2024]. This part of the study specifically uti-
lized Google Earth Engine and ArcGIS, relying on Landsat 8 satellite imagery from the
periods before and after the fires to calculate the Normalized Burn Ratio (NBR) and
identify areas of vegetation cover that were affected.

The Burn Severity Index, known as dNBR (Differenced Normalized Burn Ratio),
is used to determine the severity of burning [Crockett, Hurteau, 2024] and is calculated
based on the following equation:

dNBR = NBR_PreFire - NBR PostFire
Regarding the Use of Landsat 8 Data:

NBR = Band 5 — Band 7/ Band 5 + Band 7
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Where:
Band 5: Near Infrared (NIR) (0.851-0.879 um)
Band 7: Shortwave Infrared (SWIR) (2.107-2.294 um)

The positive values for both maps indicate high burn severity within the area,
while the severity of damage to vegetation decreases as we approach the value of 0.
Negative values signify an increase or improvement in vegetation cover (Fig. 2, 3).

Field inspection is of utmost importance [Celebrezze et al., 2024; Lahiri et al.,
2022] to uncover details that remote sensing techniques cannot reach (Hendel, Ross,
2020). After observing the site’s characteristics and reviewing some details, archaeo-
logical features became evident. This was confirmed by the nature, location, and unu-
sual distribution of the rocks, the presence of pottery remnants, and some illegal exca-
vation activities likely conducted in search of treasures. All of this contributed to form-
ing a picture of the site that appears unnatural.

Although obtaining an actual assessment of this archaeological site and determin-
ing its true boundaries and components, thus understanding its value, requires signifi-
cant technical expertise [Walker et al., 2023] in various scientific fields, we attempted
to provide additional insights through a geographic perspective. This involved the use
of satellite imagery and the Shuttle Radar Topography Mission (SRTM) digital eleva-
tion model with a resolution of 30 meters, along with one of its derivatives slopes
which greatly aids in understanding the region’s topography [Tout, 2023] and identify-
ing the logical reasons for the previous users’ selection of this site.
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Fig. 2. Differenced Normalized Burn Ratio (2014)
Puc. 2. [uddepenmpoBanHblil HOpMaau30BaHHEIH ko3 dunuent ropenns (2014 r.)
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Results and Discussion

Compared to archaeological remains found in urban areas and open regions, re-
search into forest archaeology is often neglected [Lahiri et al., 2022; Mustoe, Eberl,
2020] due to the complex environments in which these remains are located. These en-
vironments provide ideal cover either from vegetation or from processes affecting the
surface soil. This complexity makes it extremely challenging to uncover or predict
such remains using currently available methods and conditions [ Walker et al., 2023].

In the forested area under study, which had not been affected by any fires prior to
2014, as evidenced by old satellite images and statements from nearby residents, the
dense vegetation that characterized the region before the 2014 fire prevented even live-
stock herders from detecting unnatural formations and the interrelations between the
rocks present at the site. This obscured their understanding of the complete picture of
the site and its boundaries. Additionally, the site’s distance from paved roads and un-
paved forest paths contributed to its isolation. The region’s topography further compli-
cated the cleaning operations conducted by forest services after the 2014 fires, making
access to the site extremely difficult, as it necessitated the creation of new pathways.
All these factors contributed to the site’s continued concealment.

The fires that affected the region in 2021 extended to broader areas, likely exacer-
bated by the conditions created by the 2014 fires, as their remnants produced more ex-
treme conditions [Kreider et al., 2024]. As a result, these recent fires have drawn great-
er attention to this area and have helped uncover adjacent regions with similar charac-
teristics to the main site. This has led us to hypothesize that large portions of these are-
as fall within the boundaries of the current study site.
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From a geographical perspective, the site characteristics in the study area align
with Dr. Mohamed Ali’s description of Roman cemeteries [Ali, 2016]. The site is
somewhat sloped and located away from watercourses and areas prone to flooding
(Fig. 4). Additionally, the stones that form the site do not resemble natural rock for-
mations; they are carefully arranged, with some being large and rectangular in shape,
and others forming walls that extend for dozens of meters.
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Coordinate System: WGS 1984 UTM Zone 32N Coordinate System: WGS 1984 UTM Zone 32N

Fig. 4. Altitude and slope in the study area

Puc. 4. BoicoTa U yKIJIOH B paliOHE UCCIICIOBAHUS

Field observations of the distribution and arrangement of rocks in many areas
make it difficult to determine the boundaries of the site, especially since some rocks
have become buried or covered by shrubs and small trees that have begun to grow after
the fires.

Figure 5 illustrates some of the key locations that have been identified, which are
only a few hundred meters apart. However, many similar sites, both nearby and farther
away (some exceeding a kilometer in distance), are still under investigation. This
leaves considerable room for hypotheses regarding the boundaries of the site and the
overall significance of the region.

Figure 6 illustrates one of the sites containing a type of archaeological rock that
appears to have been carefully carved. These rocks may represent part of a structure or
monument, or they could be involved in the formation of buildings. The presence of
these carved rock formations at multiple sites raises the hypothesis of numerous archi-
tectural structures existing in the area.

From the analysis of the site and the distribution of rocks, it is possible to identify
some burial sites (Fig. 7) that appear in groups and may belong to specific families.
These sites have unique characteristics, particularly regarding their orientation relative
to the sunrise and sunset. As noted by Ali [2016], they are typically oriented toward the
rising sun, allowing sunlight to shine on the heads of the deceased, while their feet are
directed toward the setting sun.
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Fig. 5. The most important sites that have been identified

Puc. 5. Hanboiiee BaKHbIE BLISBIEHHBIE TAMITHUKHI

Fig. 6. Ancient rocks that have been carefully carved

Puc. 6. TmarensHO 00paOOTaHHBIE IPEBHUE KAMHHI

Our preliminary attempt to delineate the boundaries of the site, as shown in Fig-
ure 8, allowed us to gain a deeper understanding of the area. We identified distant
zones located hundreds of meters away, occupying elevated positions in the existing
topography. This aligns closely with constructions created for security purposes, such
as watchtowers. However, it remains uncertain whether the main site was a cemetery
intertwined with a residential area, as some remains are unrelated to burial rituals and
do not exhibit the characteristics typical of cemeteries.

At the main site, there are remains of a Roman olive press (Fig. 9), which is con-
sistent with what [Eid, 2023] described regarding ancient olive presses. This aligns
with his observations about the Kharbat Saraydi press in Annaba, which is also located
near funerary inscriptions. However, distinguishing the actual differences between an
olive press and a wine press requires further research [Ibid.].
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Fig. 7. A photo of what is supposed to be a grave group

Puc. 7. Dotorpadus mpearnonaracMoi rpynisl 3aX0pOHeHAH

Fig. 8. Some of the arranged rocks that were found in the area

Puc. 8. Hexotopsle U3 HaliICHHBIX B 3TOM palOHE YIOPAI0YEHHBIX KaMHEeH

The signs found in the study area are numerous. Some can be easily distinguished
from natural rocks and remains resulting from natural factors, while others require ex-
perts to identify and analyze. Figure10 shows a small portion of the signs discovered in
the study area. It is worth noting that we found illegal excavation and digging activities
near some of these signs.

The map in Figure 11 illustrates the coordinates of some of the most significant
points in the region.

Site S1 is believed to contain a group of graves, as indicated in Figure 7. This site,
whose archaeological nature is easily distinguishable, has been subjected to numerous
illegal excavations.

In Site S2, according to the attached coordinates, there is a grave carved into a
large rock, which has been emptied of its contents. Due to its location among the trees,
it is difficult to detect. Several other archaeological remains are also found nearby.
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Fig. 9. Part of the presumed olive press structure

Puc. 9. YacTp npeanonaraeMoil KOHCTPYKIIMU OJMBKOBOTO Ipecca

Fig. 10. Some additional artifacts that were found in the area

Puc. 10. HexoTopble HONOTHUTENBHEIE apTe(haKThl, HaliIEHHbIE B 3TOM paiioHe

Site 3 contains an olive press along with other archaeological remnants. This site
has also experienced extensive illegal excavations, and it is believed that a significant
portion of its remains are still underground.

Site 4 represents one of the excavation activities carried out based on engravings,
markings, and rock formations. It is not the only such site in the area.

Site 5 contains carefully carved rocks situated along an alignment of paved rocks,
which may have once formed walls.

By observing the considerable distances between the selected sites, one can gain
an understanding of the vast extent of the region.

Regarding the significance of this discovery, its boundaries are not yet clear for
several reasons. First, the limits of the archaeological site remain ambiguous, as new
boundaries are being discovered continuously. Additionally, there are other similar
areas, both nearby and farther away, that have not yet been confirmed.

One of the most important outcomes of this discovery may be the identification of
the population associated with this Roman cemetery (preliminary assessment), which
could serve as a starting point for further research in this area, where many other ar-
chaeological signs have been reported by local residents.
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Furthermore, one of the objectives of this research is to find ways to protect this site
and prevent its degradation [Seghiri Bendjaballah, 2018], thereby closing off opportunities
for vandals and grave robbers. This research can contribute to a broader understanding of
the local history of the Ain Maimoun area, which is considered marginalized and often
overlooked in terms of its historical significance, especially regarding ancient artifacts.

Analyzing the region and assessing its actual value may lead to the implementa-
tion of appropriate measures to prevent further fires that could cause additional deterio-
ration of the site. This research could also serve as a starting point for guiding re-
searchers and stakeholders in the field of archacology to find and develop sustainable
methods for uncovering forest archaeological sites. This may also represent a funda-
mental goal for those interested in remote sensing, potentially marking a turning point
in understanding the history of many regions in Algeria and around the world.

Conclusion

The changes brought about by the fires in the Ain Maimoun region, which also af-
fected the surface soil, have resulted in a new image of the area. These changes have
drawn attention to archaeological remains dating back to the Roman civilization (pre-
liminary assessment of a cemetery), as the fires revealed unusual shapes and distribu-
tions of rocks in sites with unique characteristics. These rocks, which may be parts of
various structural remains, also bear signs related to Roman civilization.

Although the significance of this discovery is currently unclear, this research can
contribute to forming a new understanding of the region and raise many additional
questions, especially concerning the boundaries of the site and the nature of similar
neighboring areas, as well as somewhat distant regions with specific features that oc-
cupy carefully selected locations. A central question remains: Where is the population
associated with this site?

The research emphasizes the urgency of taking appropriate measures and expand-
ing the understanding of the boundaries and nature of the site, which could lead to a
broader understanding of the local history of the area. Additionally, this research could
serve as a starting point for guiding researchers and stakeholders in the field of archae-
ology towards finding sustainable methods for uncovering forest archaeological sites in
Algeria and various regions around the world.
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