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1	 Introduction	

The preservation of archaeological sites is determined 
by environmental change, such as natural erosion, as 
well as the effects of human land use. The Collabo-
rative Research Centre (CRC) 806 was launched to 
investigate human occupation sites and nearby envi-
ronmental a rchives in order to study the dispersal of 
anatomically modern humans from Africa into Europe, 
the characteris tics of regional developments, and the 
triggers for occupation and migration. The areas where 
humans have settled are widespread, partly inacces sible 
and, even in a limited area like NE-Morocco, often dif-
ficult to evaluate. In light of this problem, cooperation 
with other disciplines must be aimed for. A prelimi-
nary investigation using remote sensing and geolo gical 
information can reduce the area to be surveyed, and 
archaeo logical field work can be concentrated on more 
specific areas (Siart et al. 2008). In fact, a large amount 
of m odern archaeological research is dependent upon 
the accurate documentation of the distribution of raw 
material sources, water supply and geological and topo-
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graphic requirements in order to establish the existence 
of archaeo logical sites. Robust predictions to locate 
archaeological sites require a geological perspective 
combined with remote sensing data to attain a higher 
efficiency in discovering caves, i.e. potential archaeolo-
gical sites. Integrating GIS provides an interface be-
tween remote sensing, geomorphology and Digital Ele-
vation Model (DEM) analysis (alexakiS et al. 2011).

“Morocco is located at a triple junction between a conti-
nent (Africa), an ocean (the Atlantic) and an active plate 
collision zone (the Alpine belt system)” (Michard et al. 
2008: 1). As such, the geology of the region shows a long 
history of very active tectonics and sea level changes. A 
huge percentage of Moroccan geology is comprised of 
different types of limestone deposited in the Miocene, 
Barremien, Jurassic, Cretaceous and Lias.

The caves we are looking for are secondary, endogenous 
formations which developed following the diagenesis 
of limestone. Through corrosion in karstic rock, karstic 
caves develop in the presence of water, which infiltrates 
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in fugues and dissolves the rock (Bögli 1978). The de-
velopment of caves is characterized by erosion, corro-
sion and weathering. Especially, the entrance of the cave 
is affected by weathering. Therefore, the cave ceiling 
is exposed to gradual weathering and the entrance in-
creases in height. The deposited detritus forms a fan in 
front of the entrance (Fig. 1).

The study area is located in north-eastern Morocco 
(Fig. 2). Geological and topographic maps show the 
coastal region of Morocco extending inland up to the 
Melilla peninsula. The topographic maps are available 
in the scale 1:50000 for the whole area under investi-
gation (Fig. 3). The topographic maps include the re-
gions of Nador, Taza, Ouida, Msoun, Mereda, El Agreb, 
Ain Zora, Saka, Melga el Ouidan, Driouch, Tistoutine, 
Taourirt, Mestigmer, Mechra Homadi, El Aioun, Hassi 
Berkane, Kebdani, Segangane, Kariat Arekmam, Melil-
la, Berkane, Martimprey du Kiss, Les Triffa and Saida 
du Kiss. For the topic of main interest, the geology, only 
the regions of Tistoutine, Segangane, Kebdani, Al Ho-
ceima and Aknoul are obtainable in the scale 1:50000. 
The multispectral QuickBird2 satellite images have a 
resolution of 1.84 m to 2.44 m. The applied satellite im-
ages were taken of the region Kebdani (Fig. 4) on 2010-
03-22, 2010-04-27, 2010-06-08 and 2010-08-26 (source 
of the QuickBird data: Digital Globe 2010a). The reso-
lution of the multispectral Landsat ETM+ satellite im-
ages is 30 m. The images were taken on 2010-08-18 and 
2010-08-26 (data source: GLCF 2010).

Remote sensing for archaeological surveys has be-
come the routine in the course of the last 20 years, but 
t oday’s high-resolution satellite images offer new per-
spectives (Scoller et al. 1990, giardino 2010, laSa
ponara & MaSini 2011).

2	 Archaeological	Background

To reconstruct human settlement history or land use 
concepts of a region in prehistoric times, archaeolo gical 
sites are the only source of information. These sites can 
be open-air locations or caves and rock shelters. Al-
though cave sites were probably not the preferred loca-
tion for settlement, a high percentage of open-air sites 
were probably exposed to natural erosion and human 

land use. Consequently, caves 
and rock shelters are almost the 
only places where prehistoric 
deposits are still preserved. An-
other advantage of cave sites is 
their relative stability. In general, 
they offer protection for several 
thousand years so that a single 
cave can contain deposits from 
very different periods (Fig. 4). 
Therefore, caves are also a highly 

Fig. 1: Development of a cave entrance 
 (Trimmel 1968)

Fig. 2: Overview of Europe and 
the area under investigation 
(data source: ESRI)
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Fig. 3: Landsat satellite image of the area under investigation, area of main interest and area of QuickBird satellite 
image

Fig. 4: Ifri N’Sascha: This site was discovered in 2008 during an intensive survey conducted on foot. Height of the 
left rock shelter is about 5 m.
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s uitable location to study very interesting transitional 
phases, e.g. the Neolithisation of the Mediterranean 
Maghreb in the 8th millennium cal BP.

Systematic archaeological research of the Eastern Rif 
area south of the Melilla Peninsula was initiated in 1995 
as a joint research project of the Institut National des 
Sciences de l‘Archéologie et du Patrimoine (INSAP, 
Rabat), Morocco, the German Archaeological Institute 
(DAI, Bonn), Germany, and the University of Cologne, 
Germany (MoSer 2003, naMi 2007). In the last 16 
years of the project activities, a total of 378 sites have 
been discovered, covering a time span from the Lower 
Palaeolithic (JeBB 2008) up to the Islamic Period (lin
Städter et al. 2011a). The sites include grave mounds, 
single finds, raw material sources and occupation sites 
in caves and rock shelters as well as open-air sites. Un-
disturbed and stratified deposits which are of particular 
interest for archaeologists, are rather rare. Epipalaeo-
lithic and Early Neolithic sites are in the focus of re-
cent research of the University of Cologne (CRC 806). 
Only twelve sites fulfil the latter mentioned conditions 
and show remarkable and relatively untouched deposits 
(linStädter 2011).

On the base of these sites, a regional chronology of the 
Early to Mid Holocene could be reconstructed. The Epi-
palaeolithic culture of the Eastern Rif is clearly rooted 
in the foregoing Iberomaurusian of the Late Pleistocene. 
The Epipalaeolithic commences with the beginning of 
the Holocene at about 11000 cal BP (linStädter 2008). 
As their typical lithic industry shows, these Epipalaeo-
lithic hunter gatherers continue at least until the end of 
the 7th millennium cal BP (linStädter 2004). In the 
mid of the 8th millennium cal BP, Neolithic pioneer 
groups reached the Mediterranean coast of modern 
day eastern Morocco (linStädter 2010). These p eople 
brought with them domesticated animals and plant 
s pecies as well as pottery. The pottery shows parallels 
to Early Neolithic ceramics from south-eastern Spain, 
indicating intercontinental contacts at that time. The in-
digenous populations seem to have adopted Neolithic 
innovations step by step, resulting in a Neolithisation 
of the interior which was not completed until the 6th 
millen nium cal BP.

Of the twelve sites mentioned, four are open-air sites 
and eight are caves or rock shelters. Open-air sites 
are noted exclusively in the alluvial deposits of the 
Moulouya River (linStädter et al. 2011b). In the up 
to 15 m high sections, these sites are weathered, ex-
posed by lateral erosion of the modern Moulouya River 
(iBouhouten et al. 2010). Not a single surface site comes 
from the area outside the Moulouya flood plain. Due to 

intensive wood cutting and grass farming in the last cen-
turies, the slopes of the Eastern Rif are h eavily eroded 
and potential sites have been washed away. Therefore, 
the cave sites and rock shelters are the most important 
data sources for prehistoric archaeology in the area, and 
for this reason they are in the focus of all survey activi-
ties.

3	 Methods	

Topographical and geological maps (1:50000), Quick-
Bird images, and the locations of already discovered 
cave sites are the basis for GIS analyses with ArcGIS. 
To integrate all these data the following procedure was 
carried out:

a) First, topographical and geological maps were col-
lected, superimposed and geo-referenced using the 
UTM WGS 1984 30N coordinate system. Topo-
graphical and geological maps are required without 
legends. Using the software Photoshop CS4, the 
maps were cut out and orientated. Without geo-refe-
rencing, the maps lack spatial location. The coordi-
nate system can be chosen in the menu: View → Data 
Frame Properties → Register: Coordinate System → 
Select a coordinate system: Predefined → Projected 
Coordinate Systems → UTM → WGS 1984 → WGS 
1984 Zone 30N. Using the tool Georeferencing, four 
points were plotted on the topographical and geo-
logical maps and control points (coordinate points) 
were set: Geo-referencing (Layer: topographical or 
geological maps) → Add Control Point → „Input X 
and Y“. Landsat images can be used to control the 
coordinate points.

b) Limestone outcrops were digitized from geological 
maps. Due to the spatial extension of the limestone 
layers, these were processed as spatial information. 
A new shapefile was generated in ArcCatalog: Open 
ArcCatalog → File → New → Shapefile → Polygon 
shapefile with coordinate system (WGS 1984 Zone 
30N) and filename (Limestone). Using the Editor–
Tool, the layers of limestone were created as a poly-
gonal surface: Editor Toolbar → Start Editing (Task 
→ Create New Feature, Target: Limestone). 

c) Archaeological sites were plotted and QuickBird 
i mages were added. The archaeological sites were 
digitized by creating a table in Microsoft Access, 
where sites in connection with Global Positioning 
System (GPS) coordinates were added and exported 
as a file. This file was added in ArcMap. The sites 
were plotted as point information. Where QuickBird 
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images and limestone outcrops overlapped, potential 
cave sites could be identified by sediment fans in 
front of the cave entrance. This was further simpli-
fied by using satellite images of already discovered 
sites as a reference (Fig. 5).

The plotting of the already known sites on the digitized 
limestone outcrops could be used as a test of our hypo-
thesis, i.e. that cave sites occur exclusively within the 
outcrops. Only a few sites are located outside. Here, 
we suggest that mapping of the deposits is not accurate 

Fig. 5: Development of the 
intersection of topographic maps, 
geological maps and QuickBird 
satellite images 
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and b) the information if caves and rock shelters are 
exclusively connected to limestone in general. In fact, 
74 % are located within limestone deposits (Fig. 6). Due 
to the inaccuracy of the geological map (1:50000), it is 
likely that some, if not all, other sites are also located 
within limestone outcrops. This hypothesis can only be 
verified by further field work

Remote	survey	of	potential	cave	sites
The 30 m resolution of the Landsat satellite images is 
too low for the detection of sediment, erosional or allu-
vial fans. However, the QuickBird resolution is already 
sufficient to detect fans of sediment, even if they show 
a low contrast in colour compared to the surrounding 
rocks. The approach is comparable to attempts done to 
detect ancient walls made of rock from in-situ deposits 
(de laet et al. 2007).

In contrast, sediment fans of anthropogenic material are 
characterized by a high organic component and can be 
identified as grey to black deposits at the entrance of the 
cave. However, even these fans, which were degraded 
by erosion, are generally hard to identify. There are 
methods of computer-based detection of these contrasts 
by satellite sensors as used at the Sarasvati River, India, 
(raJani & raJawat 2010). However, a visual interpre-
tation presents better results than automatic extraction 
techniques (de laet et al. 2007).

In total, 13 potential caves were detected by the de-
scribed method, all located in the area covered by 
QuickBird data. Almost all of these potential caves are 
located within limestone deposits and in close proximity 
to watercourses (Fig. 7).

Reconstruction	of	catchment	areas
The resolution of SRTM-data is 90 m. Consequently, it 
was not possible to generate watershed areas for rivers 
by using GIS. This problem was previously addressed 
by harrower (2010) who tried to generate the local hy-
drology in the Wadi Sana, Yemen. SRTM data are not 

enough and further surveys are planned to substantiate 
this.

Finally, a DEM was created on the base of Shuttle Radar 
Topography Mission (SRTM) data (CGIAR-CSI 2010). 
With the help of GIS, watershed areas of rivers are gen-
erated. As a secured drinking water supply is crucial for 
any settlement site, the distance to a watercourse is an 
important factor for selecting a place to live.

4	 Discussion	and	Results

Predictive	modelling	and	definition	of	the	
survey	area
With the help of the digitized geological maps the area 
where caves and rock shelters could have developed, i.e. 
their detection can be expected, was reduced consider-
ably. The different limestone deposits cover only 5.5 % 
of the research area. Therefore the investigation area 
also decreased to 94.5 % of its former extent.

The	distribution	analysis	of	known	sites
Three areas are differentiated in the geographical frame 
(Fig. 3): the area of investigation (see above), the area 
of main interest (ongoing archaeological surveys), and 
the area where QuickBird data is available. All analyses 
of known sites refer to the first area. A total of 74 cave 
sites have already been discovered here. The GIS analy-
sis allows for a) information regarding different types 
of limestone; consequently we can verify whether caves 
and rock shelters can form in every type of limestone; 

Fig. 6: Analysis of discovered caves: 1) The distance between the archaeological sites and rivers (left); 2) the rela-
tion between different types of limestone (right)
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5	 Conclusions

Due to the combination of remote sensing and geologi-
cal information, the extent of the survey area can be 
reduced considerably and the archaeological field work 
can be concentrated on specific areas. In total, 74 % of 
known caves and rock shelters are located within lime-
stone deposits. Therefore the hypothesis that most of the 
caves are linked to layers of limestone was confirmed. 

Fig. 7: Analysis of potential caves: 1) The distance 
between the potential caves and rivers (left); 2) the 
relation to different types of limestone (top)

suitable for studying the location of settlements as a 
function of permanent access to drinking water.

However, the distance between an archaeological site 
and a stream could be determined by GIS. The major-
ity of known caves lie at a distance of between 50 m 
and 500 m of the next watercourse. The reason for this 
spatial pattern might be related to the access to drinking 
water, but future work is needed on this topic.
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Due to the inaccuracy of the geological map (1:50000), 
it is likely that the precise positions of determined cave 
sites still require some modification, i.e. caves may be in 
fact situated in nearby limestone outcrops.

The available QuickBird images were surveyed in order 
to find potential caves. The sites are characterized by a 
sediment fan or detritus, which is barely distinguishable 
from the in-situ soil (Fig. 8). In total, 13 potential sites 
could be identified and localized within the limestone 
outcrops and close to seasonal watercourses.

Catchment areas could not be modelled due to the insuf-
ficient resolution of the available SRTM data. Never-
theless, the distances between archaeological sites and 
watercourses could be determined showing a distance of 
50 m to 500 m. The reason for this spatial pattern might 
be related to the access to drinking water.
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