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Abstract First visited by westerners in the mid-
nineteenth century, Saharan rock art has since received
a great deal of attention. The richness and diversity of this
region is recognised by the inclusion on the UNESCO
World Heritage list of three properties: Tassili-n-Ajjer in
Algeria, Tadrart Acacus in Libya, and Ennedi in Chad.
The situation in many North African countries now
makes this vast region very difficult to access: safety in
the field is not guaranteed and few research funds are
available. Today, a new generation of African and foreign
scientists has no access to rock art sites in the north of the
continent and the lack of fieldwork may entail a lack of
safeguard and awareness. The growth of digital technol-
ogies over the last 15 years has revolutionised methods
for recording rock art sites. Digital technologies are also
used to mitigate the gap between artworks and accessi-
bility in those countries where turmoil and social insta-
bility make fieldwork impossible. However, much of the
documentation and most digital recordings of artworks
currently available on the Internet lack an archacological
context. Equally, many of these websites barely mention
methodological and theoretical aspects. It is also difficult
to understand the extent of awareness among local com-
munities in remote areas—sometimes suffering a digital
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and linguistic divide—and if (and how) they are genu-
inely able to exploit these digital resources. Here, I collate
some examples from different parts of the Sahara illus-
trating that the recording, management and dissemination
of rock art still present highs and lows. I argue that we
should share theories and methods within the digital
scientific community, with a view to adopting a shared
nomenclature and a public thesaurus, making our
cataloguing criteria explicit and, finally, developing an
ethical code of conduct involving local communities.

Résumé L’art rupestre saharien, visité pour la pre-
micre fois par les occidentaux au milieu du XIXe
siecle, a recu beaucoup d’attention depuis lors. La
richesse et la diversité de cette région sont reconnues
par D’inscription sur la Liste du patrimoine mondial de
I’UNESCO de trois biens: Tassili-n-Ajjer en Algérie,
Tadrart Acacus en Libye et Ennedi au Tchad. La situ-
ation dans de nombreux pays d’Afrique du Nord rend
cette vaste région trés difficile d’acces: la sécurité sur le
terrain n’est pas garantie et peu de fonds de recherche
sont disponibles. Aujourd’hui, une nouvelle génération
de chercheurs africains et étrangers n’a pas accés aux
sites d’art rupestre dans le nord du continent et le
manque de travail sur le terrain peut entrainer un ab-
sence de sauvegarde et de sensibilisation. La croissance
des technologies numériques au cours des 15 derniéres
années a révolutionné les méthodes d’enregistrement
des sites d’art rupestre. Les technologies numériques
sont également utilisées pour combler le fossé entre les
ceuvres d’art et 1’accessibilité dans les pays ou les
bouleversements et I’instabilité sociale rendent le
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travail de terrain impossible. Cependant, une grande
partie de la documentation et la plupart des
enregistrements numériques d’ceuvres d’art
actuellement disponibles sur Internet ne sont pas liés
a un contexte archéologique. De méme, beaucoup de
ces sites internet ne mentionnent guére les aspects
méthodologiques et théoriques. Il est également diffi-
cile d’évaluer le niveau de sensibilisation des
communautés locales dans les zones reculées - qui
souffrent parfois d’une fracture numérique et
linguistique - et si (et comment) elles sont réellement
capables d’exploiter ces ressources numériques. Ici, je
rassemble quelques exemples de différentes parties du
Sahara illustrant les inégalités des modalités (ou
moyens) d’enregistrement, de gestion et de diffusion
de I’art rupestre. Je soutiens que nous devrions
partager les théories et les méthodes au sein de la
communauté scientifique numérique, en vue
d’adopter une nomenclature commune et un thésaurus
public, de rendre explicites nos critéres de catalogage
et, enfin, d’¢laborer un code de conduite ¢éthique
impliquant les communautés locales.

Keywords Rock art - Accessibility - Conflict - Digital
divide - Archaeology - Context - Sahara - UNESCO WH
list

When practiced as a science, rock art research is a
global community endeavour. (Guy Gibbon 2017,

p. 18)

Introduction

The Sahara—the largest hot desert in the world—is far
from being a unitary context. Though iconically repre-
sented in our collective imagination by vast dunes,
much of it consists of flat, stony surfaces and large
mountain ranges. The former have attracted consider-
able attention since the pioneering western explorations
of the nineteenth century, when the first artworks were
“discovered” (Barth 1857-1858). Countless explora-
tions and publications during the twentieth century and
up to the present day make the Sahara a privileged
location for the study of rock art, certainly one of the
world’s hotspots (di Lernia 2017a). However, despite a
long research tradition complemented by programmes
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of archaeological and environmental investigation, the
increasing threats to its preservation and exploitation for
tourism, Saharan rock art has failed to become truly
mainstream (sensu Conkey 2012), making a weaker
and less innovative contribution to the broader scientific
debate than might be expected (Chippindale, quoted in
Keenan 2005).

Furthermore, after the beginning of the “Arab
Spring” (2011), the situation in many North African
countries has made this vast region difficult to access,
with social media often representing the only means of
connections with the rest of the world. Given the secu-
rity constraints and social instability, safety in the field is
not guaranteed and few research funds are available (di
Lernia 2015). Although this is particularly true of Libya,
other countries such as Egypt, Tunisia, Chad, Niger, and
Mali suffer from tragically similar problems. Today, a
new generation of African and foreign scientists has no
access to archaeological and rock art sites in the north of
the continent. Unfortunately, this lack of fieldwork may
entail an absence of safeguard, and raising awareness
among school-age children and young people is becom-
ing progressively more difficult. In this context, digital
technologies may play a crucial role in helping to over-
come at least some of these obstacles.

This paper draws on our experience in the Tadrart
Acacus and Messak mountains in south-western Libya
to offer a critical review of some central issues such as
site recording, site management, the durability of elec-
tronic archives and the digital dissemination of rock art in
the Sahara. While the main focus is on the key interface
between rock art and its archaeological context, I hope
that a critical reassessment of these various topics may
represent a useful contribution to the broader debate on
digital technologies in cultural heritage studies.

The Tadrart Acacus and Messak as Proxies
for the Larger Sahara

Fieldwork Area

The Tadrart Acacus mountains and the Messak plateau
are located in south-western Libya, bordering the
Tassili-n-Ajjer in Algeria to the west, and the Algerian
Tadrart and the Plateau of Djado (Niger) to the south.
All together these mountains form the core of the central
Saharan massifs. After some occasional visits between
the late nineteenth century and World War II (Barth



Afr Archaeol Rev (2018) 35:299-319

301

1857-1858; Durand and Lavauden 1926; Foureau 1894;
Frobenius 1925; Graziosi 1942), the Tadrart Acacus and
Messak were intensively investigated during the
twentieth century and up to the present day. Fabrizio
Mori (1956, 1965) wrote the first book dedicated exclu-
sively to this area, focusing mainly on the Tadrart
Acacus massif. He and his colleagues later extended
their research to the surrounding regions, studied primar-
ily by the Sapienza University of Rome, which is still
active in the area (e.g., Barich 1987; Cremaschi and di
Lernia 1998; di Lernia 1999b; di Lernia and Manzi 2002;
di Lernia and Zampetti 2008; Garcea 2001). The Messak
plateaux owe their world-wide reputation in the field of
rock art to several scholars (e.g., Jelinek 1984a, c, 1985;
Le Quellec 1996, 1998; Muzzolini 1995; Van Albada
and Van Albada 2000), whereas environmental and ar-
chaeological research has significantly increased in the
last two decades (e.g., Biagetti et al. 2013; Cancellieri
and di Lernia 2013; Foley et al. 2013; Gallin and Le
Quellec 2008; Gallinaro et al. 2012; Garcea 1996;
Mattingly et al. 2007). To this information, we should
add the numerous publications, mostly focusing on rock
art sites, not possible to review here.

Located in the very heart of the Sahara, our licenced
study area covers over 60,000 km?. It comprises a
variety of geographical features: the aforementioned
Tadrart Acacus and Messak mountain ranges, the vast
sand dunes of the Edeyen of Murzuq and Erg Uan Kasa,
the river valleys of Wadi Barjuj and Wadi Tanezzuft
(Fig. 1). Since 1990, our research in this region has been
undertaken on a territorial scale, combining large-scale
“fast” surveys and intensive “slow” field checks and
excavations (e.g., Cremaschi and di Lernia 1999).

The principal strengths of our research derive precise-
ly from the vast extent of the study area and the diversity
of its landforms. These can be classified according to a
“macro-physiographic” system (lowlands, highlands,
plateaux, fluvial valleys, oases), in turn broadly corre-
sponding to rough environmental categories—not unlike
the concept of “mega-patches” (Beaton 1991). In this
sense, and with some caveats, our study area can be
considered representative of the Sahara as a whole, not
just for its variety of geographical, geomorphological
and cultural features, but also for the duration and
multi-disciplinary nature of our (past and present) re-
search. Indeed, our archive materials range from the
handmade copies of rock art paintings executed by
Piero Guccione and Lorenzo Tornabuoni who accom-
panied Mori in the 1950s, to the 3D georeferenced

map of a rockshelter. We have thus experienced many
of the problems faced by a scientific team in the field
and in all subsequent phases of research (Fig. 2).

Background on Archaeology and Rock Art

The archaeological record forms an indispensable back-
ground to the study of rock art and is the only way of
contextualising the artworks. Combining the different
types of fieldwork outlined above—a coarse-textured fast
extensive survey with far more detailed studies based on
archaeological excavations, with more than 45 contexts
tested—we have built up a series of GIS maps
summarising the major trends in human occupation during
the Holocene (e.g., Biagetti and di Lernia 2013; Cremaschi
and di Lernia 1999, 2001; Cremaschi and Zerboni 2011; di
Lernia 2002; di Lernia and Gallinaro 2010; di Lernia and
Tafuri 2013; di Lernia et al. 2013). Needless to say, such
maps should be approached with caution. The number of
“sites” is very large (= 8000 contexts), in part because a
“site” may be anything from an isolated arrow-head to a
large Garamantian fort (Fig. 3). Our archaeological data
are supported by a series of radiocarbon dates (= 320),
allowing for the chronological reconstruction of the Holo-
cene occupation, and also providing interesting clues to
explain the exploitation of the landscape and human dy-
namics for coping with climate change. The combined use
of environmental data, settlement organisation and chro-
nological information forms the backbone of any recon-
struction of cultural dynamics in the region, including
artistic expressions, extensively published elsewhere and
therefore not discussed here.

The diverse landscape of our study area is mirrored
by the different social and cultural adaptations taking
place during the Holocene. Rock art forms part of this
complex picture: it is perfectly representative of the art
of the central Sahara, presenting recurrent features often
used by scholars to define the principal styles. Given the
frequently acrimonious tone of the scientific debate
(Smith 2013), I will avoid discussing stylistic issues.

Most rock art is concentrated in the outcrops of the
Tadrart Acacus and Messak, but there are also several
concentrations in the river valleys and around the oases,
each with its own specific physiographic and topograph-
ical setting (Fig. 4). Without going into excessive detail,
Table 1 summarises the main features of each rock art
style and its (presumed) archaeological context as re-
constructed in recent years for our study area (e.g., di
Lernia and Gallinaro 2011; Gallinaro 2013).
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Fig. 1 Map of the main rock art regions in North Africa (a): dashed lines indicate the approximate present limits of the Sahara. The study

area in south-western Libya (b). (Images in full colour online)

Regardless of the accuracy of our reconstruction,
rock art is part of the archaeological landscape (e.g.,
Bradley et al. 1994; Chippindale and Tagon 1998),
and the archaeological context must be considered in
any form of rock art recording, management and
dissemination, as discussed in further detail below.
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Go Digital: Some Issues on Site Recording
A Digital Divide?

Our research in south-western Libya is a good model for
testing the pitfalls and potential of digital technologies
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Fig. 2 History of site recording
from manual copy to computer-
generated models in the Tadrart
Acacus and Messak. Piero
Guccione (ca. 1955) executing a
contact copy of paintings at Uan
Tabu (a) and Uan Afuda (b),
central Tadrart Acacus; scaffold-
ing at Afozzigiar II (¢), southern
Tadrart Acacus (ca. 1970), to
prepare the full tracing of the
Round Head paintings; (d) differ-
ential GPS mapping of cattle en-
gravings at Wadi Beddis (ca.
1995), central Messak Settafet; (e)
high-resolution digital camera re-
cording of the Matkhandush
crocodile, central-southern
Messak Settafet (ca. 2000); (f)
Arcscene© 3D model of Tifinagh
writings from Site 09/08, Wadi
Tanezfert, Northern Tadrart
Acacus (2009). All illustrations,
unless otherwise specified, based
on “Archive of the Archaeologi-
cal Mission in the Sahara,
Sapienza University of Rome”

in rock art studies. Indeed, the different aspects outlined
above (the vastness of the area, its diverse landscape, the
variability of the archaeological record, its differing
archaeological visibility, etc.) require a diachronic and
multidimensional approach, with a high degree of flex-
ibility in the field and modularity during digital
recording.

Digital technologies have greatly expanded over the
years (e.g., Brady and Gunn 2012; Brady et al. 2017,
Ch'ng et al. 2013). Given the numerous—principally
economic—limitations suffered by the social sciences,
it has been difficult to keep pace with these rapid chang-
es. It is hard to raise funds for new technological devices
and to train people to implement all the necessary steps
in their use. This is particularly true in countries such as
Libya—but many other places encounter similar prob-
lems. To give just one example, over the last decade or
so digital devices have changed (Electronic Total

Station, Differential GPS, Laser Scanner, etc.), as has
the way we store information, using different types of
physical memory and support that also have strong
implications for durability. Of course, digital preserva-
tion should be considered as a continual process as
opposed to an end goal. But, assuming for the sake of
argument that this continuous process of digital
updating is “easily” affordable in western countries,
the same is not true elsewhere. In a word, the rapid
technological innovations expected in coming years
may further expand the digital divide already suffered
by many African countries.

Defining a Site
Landscape, archaeology, rock art and site are all con-

cepts that deserve specific theoretical treatment. Usual-
ly, the narrative for recording and classifying artworks

@ Springer
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Fig. 3 Simplified map of rock art “sites” in the Tadrart Acacus
and Messak (Archive of Sapienza University, The Archaeological
Mission in the Sahara). Key: red dots: paintings (=160 Tadrart

in these regions—and likely elsewhere—has followed
what we might call a “top-down” approach. By this I
mean: physical approach to the “site,” site classification
and recording, mostly using digital cameras and some
DStretch® image processing. Most researchers (some-
times implicitly) apply a structuralist scheme, starting
from the analysis of the area surrounding the site, the site
itself, usually followed by the wall, the panel, the scene
and finally the subject, as a kind of “minimal unit.”
Among the different approaches, we may recall the
compositional analysis of rock art paintings developed
by Augustin Holl, such as the deconstructing studies of
the sites of Tikadiouine (1994), Iheren (1999), or Uan
Derbuaen (2016) in Algeria. Another interesting per-
spective is given by Carole Fritz et al. (2013); focussing
on the importance of the narrative, these researchers
identify an important, theoretical division between syn-
chronic and diachronic (or accumulative) scenes.
Concepts and definitions change from one scholar to
another. I anticipate here that one of the limitations of
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Acacus; ~ 15 Messak); white dots: engravings (=390 Tadrart
Acacus; ~ 1300 Messak); yellow dots: paintings + engravings (=
150 Tadrart Acacus; ~4 Messak)

the digital databases currently accessible is the almost
total lack of information on the specific archaeological
context of the artworks and on the concepts underlying

Fig. 4 Different locations of rock art contexts. (a) Exposed P>
vertical wall with a series of small superimposed rockshelters at
Wadi Inazawan, central Tadrart Acacus, with engravings possibly
in the “Wild Fauna” style located (white insert) about 2 m above
the artworks in the pastoral styles; (b) close-up of the elephant
covered in concretions and (c) digital tracing after DStretch© rgb0
processing and B&W conversion to enhance readability; (d) paint-
ings in the Pastoral style at Uan Amil cave, wadi Teshuinat, central
Tadrart Acacus; (e) vertical cliff with engraved giraffes in the
pastoral style at Wadi Rahrmellen, central Tadrart Acacus; the
rockshelter on the upper terrace of Wadi Imha, southern Tadrart
Acacus (f): the paintings present a diversified distribution, with
cattle in the Pastoral style (g), hand prints (h) and human figures (i)
in the Round Head style (the location of the inserts approximately
indicates the position in the shelter); (j) boulder with a series of
engravings of Camel style, wadi Ti-n-Lalan, central Tadrart
Acacus; (k) an isolated boulder with Tifinagh inscription along
one of the passageways connecting Wadi Tanezzuft to the upper
range of the Tadrart Acacus



Afr Archaeol Rev (2018) 35:299-319 305

@ Springer



Afr Archaeol Rev (2018) 35:299-319

306

s3unum J1qery
S[oWwed YIm

PajeIoosse uoyo sunum yseuyry,

*0)0 ‘SOUIS JOI[JUOD ‘SAUIIS UBARIR))
‘{A1epawoIp 9y} Jo uononponu|

'sas10y ‘souridesrro :pjudsardar sjewuruy
‘pozijK)s A[Sursearour ae suoneudsardor

re[n3uerniq :sy9lqns orydiowodoyuy

*019 ‘SpudINYSUI [BIISN ‘5)03[qO
KAuepA $s309[qns poure Yim SIOIFUOD
0S[e JNQ ‘SOUIS SISBO ONSAWOP ‘[BI0ISE]

{(s)oLreyd yum osye)

9SI0Y O)SAUWIOP [[B 9A0QE INq ‘S1eOS
pue dodys ‘oppeo :pajussadar sfewuy

cuoneiuasardar remn3ueLniq
ompwoad :spelqns orydiowodonyuy

juanbayy are Sununy Jo saudS

00 ‘syny “‘Sunywu ‘sdured :soudds A[req
‘(010 ‘soddry ‘soury ‘syueydare) juonbouy
os[e s[ewrue p[im ‘sauridesiao juasaid
Jnq JoIel ‘(SIAJRD ‘SMO9 ‘S[[nq) d[Ned

onsowop uo siseydwod :pojussardor spwIUy
S2d£) 1eorsAyd,, jo Ariqerrea jeard pue

sSunured
Yor[q ‘QyMm ‘pay uesqy ‘sSUIARISUL ‘DIFRID Kepoy - [X 0 SSUnLIN 2104y
juanbaiy yoe[q s3unured y3oufiy
‘spreaard ‘paynyip A1oa poy Juesqy ‘sgurAeISuo ‘NigyeIn uppuLWDAD-1S0g  Kepo) — 90 TIIA/IIA A2QL2G-024q1T
JIoJel oJe
AIYM puB or[d SU0)
SNOLIBA 1M ‘pAI AJSOIA
‘paingip s3unured (2107 215501
QIOW SI INOJ0O AY],  JUSsqe-)y3ry ‘sSuraeI3uo ‘Nugern) ‘aumppy) uvyuvwnanD g (IX/IA — 409 Al joun)

Souo) pal Jo doudeadrd
{INOJ0D PAN[IP AIOJA

sSunured
‘sgurAeISuo ‘nigeIn

unyupumnADL)

sy AJAD / [PA0ISO [DUL] 00ET—00LE "0 ADNSUDLIIG/2SI0H

SOU0) PaI JO

doudpeaard 1oy3iy s3unured ‘s3uiaeidud

(2107 “ajppiN

s[reop Auew :s309[qns orydiowodoyuy {Kyrenb pooS jo jured Sprep winipoly  ‘BijeIs :Ajiqerea ySryg A7) [p10ISDJ 00V€—00€8 0 UDIPINOG/|DA0ISDJ

010 ‘Sysewt
‘soouep ‘soudos  [emil,, Apuareddy
({91ne0) 9181 AI9A d1SOWOp
‘(doays Areqreg pue adojojue Apysour)
pim Ajredoutid :pajussardar sjewruy Ayrenb poog jo jured juonbaiy
‘AwouSorsAyd passardxo ‘sorwoayoA[od jou sFurAeISUS (¢) [p403sDJ
oM ‘syoalqns orgdrowodorypuy pue In0J0d J[3uIg req ‘s3unured Aurepy ALans / Snovoy T (i) 00ZL—00T°0T SpYa punoy
(anr0013 auypgng
SJUSWIUOIIAUR JoM JO s[ewnue 31g pu  papor Speq doop) s3uraei3ug (¢) snovdy A5y 0066—00Z°T1T 2 /PUNDT PIA
soway/s109[qns ureA[ Inojo) USIUIBA anbruyoa, (ddreo)
SONSLI)ORIRYD UIRJA aseyd [exmyn) A3ojouory) EIISIS

(QL10T BIUIOT IP JOYe ‘PAYIPOW) JESSO]A PUL SNOBOY JBIPE] AU} JO SI[AIS B 001 JO SAINed) U] [ dqeL

pringer

NS



Afr Archaeol Rev (2018) 35:299-319

307

the recording and classification of the subjects. The
definition of “site” itself is also problematic (e.g.,
Bahn 2010; Brady et al. 2017; Sundstrom 2012;
Whitley 2011; Wienhold and Robinson 2017) and has
been hotly disputed over the years; again, our Saharan
evidence may provide additional food for thought.

The Uan Afuda cave in the central Tadrart Acacus is
a “perfect” case study (Fig. 5): a physically delimited
landscape (a cave), a single wall, paintings of limited
size—all in the “Round Heads” style—and an exclu-
sively pre-pastoral occupation in the excavation and
surface record (di Lernia 1999a). In this case, our defi-
nition of ““site” (including its digital recording and, more
importantly, its dissemination) will approximate reality,
but this is a quite infrequent situation. A very different
instance is the rockshelter in the middle course of Wadi
Teshuinat. Here we are dealing with over 120 m of
nearly continuous artworks (paintings and engravings)
that Mori (1965) classified as two “sites” (Teshuinat I'V-

V) based on the (hypothetical and largely subjective)
physical discontinuities of the shelter’s walls. Yet the
physical boundaries are unclear and the artworks present
a complex series of superimpositions forming a true
palimpsest. Using the technological devices available
until just a few years ago (early 2000s) but now
completely obsolete, the digital images were proc-
essed in the laboratory and digitally traced to create
a map of the shelter, and a more accurate recon-
struction of the spatial organisation of the artworks.
The digital tracing process was time-consuming and
costly. Today this approach—in any case still much
used—has been superseded by low-cost digital pho-
togrammetry, but the problem of site definition re-
mains. Significantly, the copies executed by Piero
Guccione in 1958 under Mori’s direction present
similar problems and the results are inaccurate in
terms of site definition, the representation of the
paintings and their internal relationships (Fig. 6).

Fig.5 The Uan Afuda cave, wadi Kessan, central Tadrart Acacus.
(a) The cave seen from the south-west; (b) plan of the cave with
location of the painted wall (black square); (¢) digital tracing of

Round Head artworks and (d) close-up of two superimposed
painted animals (modified, after di Lernia 1999b)

@ Springer



308

Afr Archaeol Rev (2018) 35:299-319

€tems € 12m>

Ty "{
T T3 "T

T o " s 4 S ch ‘I\) T poh
% L . gs‘ KV o ] gl 0 it |
@Mi”ﬁﬁ ot @ a il | Lk 7
XIXIT XV XV XVI XVII XIX XX Xl XXIII

Fig. 6 Teshuinat rockshelter [V-V, central Tadrart Acacus. (a) The
shelter seen from south; a giraffe (b), a cow (¢) and an archer
hunting Barbary sheep using dogs (d) are examples of pastoral
paintings whose copies, executed in the 1950s by P. Guccione and
F. Mori on two canvasses measuring ca. 5 x 2 m (e), were wrongly
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located in the space, as indicated by the mapping of all the panels
(see the position of panels 111, V and XIV on the canvas and on the
map); (f) digital tracing of the artworks grouped by panels, under-
taken in the early 2000s (modified, after di Lernia and Zampetti
2008)



Afr Archaeol Rev (2018) 35:299-319

309

The nature of Saharan artworks, where palimpsests
consisting of hundreds of images are common, and their
physical distribution in the landscape may create serious
problems for the definition of the site. In this context,
new digital technologies greatly increase our ability to
overcome these obstacles by adopting a “bottom-up”
approach. Wadi Matkhandush is a good example: this
place, also known as In Habeter, is part of the Wadi
Barjuj system in the southern Messak Settafet. Here,
engravings, graffiti, high reliefs, bas-reliefs and other
rock markings are scattered in no apparent order along a
ca. 1.5 km long cliff (Fig. 7). The area has been inten-
sively studied by various scholars over time (e.g.,
Frobenius 1925; Graziosi 2005; Jelinek 2004, 1984b,
¢; Le Quellec 1998; Van Albada and Van Albada 2000).
This has resulted in schematic maps of the cliff, dots
locating “panels” or “friezes,” the subjective selection
of some artworks, all without a comprehensive map and
complete catalogue of the rock art. This is principally
due to technical limitations and difficulty of coherently
publishing this astonishing number of artworks. The
cultural context has also been insufficiently recorded:
for example, the only archaeological data provided by
Sbodova are 54 stone tools (in Jelinek 1984c). My
intention here is not to criticise anyone, but to underline
some of the attitudes underlying rock art research in the
Sahara, resulting mainly from technical limitations, but
also due to the historical and cultural milieu of these
studies. Today, high-resolution digital photography of
each engraved/pecked subject combined with rapid geo-
localization and low-cost 3D photogrammetric rendering,
saved on the cloud, would be a cost-effective way of
creating a complete and detailed map of the artworks.
Spatial analysis, already in the field, can be used to group
subjects and help to identify “sites” or “aggregations”
and assist in their digital classification for future dissem-
ination. This was the approach attempted in the frame-
work of the “Messak Project,” unfortunately halted by
the civil war in Libya (Gallinaro et al. 2012). Campaigns
of laser scanner mapping of various artworks at Wadi
Matkhandush were carried out by the Trust of African
Rock Art (TARA), with the support of the National
Geographic Society in 2008. Although not yet fully pub-
lished (David Coulson, pers. comm.), these are also a
good way of encouraging the digital preservation of these
monuments, seriously endangered by oil infrastructure
and the current political situation. An extraordinary ex-
ample of a “bottom-up” approach in the Sahara made
possible by new technologies (although the economic

investments were particularly significant and unafford-
able to many research teams) is the study of the “Cave
of the Beasts” at Wadi Sura in Egypt (Kuper 2013). In the
Sahara as a whole, however, these are still rare if not
unique examples.

Preserving and Managing Rock Art Sites
in the Sahara

Tassili-n-Ajjer and Tadrart Acacus, Two Different Fates

The specific nature of Saharan archaeology and rock art
also has significant implications for the ways in which
we preserve and manage this record, but a shared ap-
proach and database are still lacking. In the past, many
researchers have tried to overcome these limitations, but
in our area, these were mostly individual initiatives and/
or the result of specific project needs (e.g., Le Quellec
etal. 2003; Liverani et al. 2000). UNESCO thus remains
the main organisation encouraging and supporting pres-
ervation and management plans. Although the inclusion
of a site in the UNESCO list now mandatorily requires a
conservation strategy, management plan, full operation-
al capability and economic self-sufficiency, these
criteria are (and were) hardly ever met. Significant var-
iations occur from country to country. For example,
there is a considerable difference between access to
and management of the Tassili-n-Ajjer National Park
in Algeria, whose rock paintings were added to the
World Heritage List in 1982, and the situation in the
adjacent Tadrart Acacus massif in Libya, enrolled in
1985 (Fig. 8). Now separated by a political border, but
belonging to the same cultural landscape, these proper-
ties have had very different fates. The Algerian state has
actively protected the extraordinary environment of the
Tassili-n-Ajjer, creating a national park in 1972,
supporting its inclusion on the UNESCO WH list in
1982 (criteria I, 111, VII, VIII), then protecting its envi-
ronmental features by making it a “UNESCO biosphere
reserve” in 1986 and listing the Therir valley as a
RAMSAR site in 2001 (Convention on Wetlands).
Since its creation, the park has fulfilled its purpose in
an exemplary fashion, favouring a careful and sustain-
able use of environmental and cultural features by tour-
ists, and undertaking important conservation work (e.g.,
Karzabi et al. 1982). The Tadrart Acacus, by contrast,
has never changed status after its inclusion on the list
(1985, criterion III) and the Libyan state has never
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4 Fig.7 Wadi Matkhandush, southern Messak Settafet. (a) Original
map (1932) by L. Frobenius (later republished with modifications
by L. Jelinek 1984b; 2004); (b) field notes by P. Graziosi of the
early 1960s (2004); (¢) map of the area by A. and A.-M. Van
Albada (2000); (d) view of the cliff in 2011, with engraved
crocodile in the foreground

supported the creation of a park; in this regard, the many
petitions by different scholars and institutions have been
unsuccessful (di Lernia 2008 for a review). The result
was—at least until the beginning of the civil war in
2011—an indiscriminate and often unchecked exploita-
tion of its exceptional environmental and cultural fea-
tures, causing severe and often irreparable damage.
The different status of these two properties has cre-
ated a strong cultural divide in management plans. In the
Tassili-n-Ajjer, both natural and cultural criteria were
emphasised from the outset, whereas in the Tadrart
Acacus “only” one cultural aspect was included. To
this, we should add the dramatic situation after the
beginning of the war: since 2016, the rock art sites of
the Tadrart Acacus have been declared endangered
(whe.unesco.org/en/danger).

Awareness and Politics

Past “mistakes” have had a serious impact on the
neighbouring region of the Messak Plateau, completely

e

lacking the protective measures implemented in the
Tassili-n-Ajjer and, to a lesser extent, the Tadrart Acacus.
The oil companies that had significantly damaged the
landscape and endangered the rock art only later started
promoting compensation projects (e.g., Anag et al. 2002;
Kropelin 2002; Le Quellec et al. 1999). Among these, the
Messak Project was launched in 2010 with the aim of
combining the databases compiled by different re-
searchers and undertaking new fieldwork. The outcomes
were used to create a GIS platform, recording over 9000
heritage contexts, for use by local stakeholders and inter-
national institutions for future management plans (Biagetti
et al. 2013). If we consider that most of the research and
documentation undertaken in the Sahara have been done
by foreign missions and individual researchers, an extraor-
dinary effort must be undertaken to recover the scattered
documentation, and build an open access, web-based,
database: the example of the Messak Project is enlighten-
ing in this respect. I believe that UNESCO, as well as
other super partes bodies, should take the initiative and
persuade the researchers to share their databases and
increase relationships with local institutions.

In the Sahara, the difficulties of reconciling the ex-
ploitation of underground resources, the need for infra-
structure development and the management and safe-
guard of cultural heritage are clearly apparent in the
recent case of the Ennedi Mountains (Chad). On

e ——
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Fig. 8 Maps of the regions to be inscribed in the UNESCO World
Heritage list of the Tassili-n-Ajjer (a) and Tadrart Acacus (b), as
submitted by the State parties in 1981 and 1983 respectively

(source: whe.unesco.org). Note the incorrect limits of the Tadrart
Acacus, with its southern Libyan edges not included
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February 2016, this magnificent region was included on
the UNESCO list as a mixed—natural and cultural—
property (criteria III, VII, IX). However, only a few
weeks before the final decision (25/2/2016), the State
Party submitted a new map (Fig. 9) deviating from the
original proposal sent to the various bodies for the
nomination process. The nominated area was cut in the
north to follow the 17th parallel, reducing the total area
by about 20%; the buffer zone to the north was
completely removed, and it was limited to only a 1 km
corridor to the east and south. As a result, one of the
most important Ennedi rock art sites, Niola Doa, falls
outside the property (http://whc.unesco.
org/en/decisions/6793). This occurred because,
between the original submission and the final step, the

(Chad) included on the UNESCO World Heritage list in 2016
(modified, after ICOMOS 2016). During the nomination process,
the area was dramatically reduced (=20%) from the initial sub-
mission. Key: (a) original map showing the boundaries of the
nominated property (included in the nomination dossier), with a
buffer zone (dashed line) including Fada; (b) revised map (30/11/

@ Springer

Chadian government awarded a concession for oil
exploration in the region north of the Ennedi massif,
thereby reducing the size of the property, limiting its
integrity and excluding Niola Doa. As stated by
ICOMOS (2016, p. 25), “following the present major
boundary reduction of the nominated property,
ICOMOS does not consider that integrity and authen-
ticity are any longer met.” This is a serious matter
that will hopefully not compromise one of the mas-
terpieces of African rock art and the surrounding
archaeological contexts. As we have seen, the failure
to include the Messak in the UNESCO WH list in the
1980s dramatically affected the region for three de-
cades, with effects still visible in the natural and
cultural landscape.

St il

2015) with a much larger buffer zone (dashed line); (¢) final map
(25/02/2016), with Niola Doa (d), a major Saharan rock art site,
falling outside the new nominated area (photo courtesy David
Coulson/Trust for African Rock Art). The buffer zone (dashed
line) was eliminated to the north, reduced to the west and virtually
cancelled to the south-east, where it was limited to 1 km only (not
to scale on the map for reasons of legibility)
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Another example of the difficulties involved in
safeguarding major rock art regions is the proposed
trans-boundary heritage site including the Sudanese,
Egyptian, and Libyan parts of Jebel Oweinat and sur-
rounding areas. In 2004, UNESCO invited the Heinrich
Barth Institute in Cologne to evaluate the principal
natural and cultural features of this property, strongly
recommending the creation of the trans-boundary World
Heritage site (UNESCO 2004). Unfortunately, the pro-
ject was never implemented, mostly due to the political
weakness of the State parties and probably to geopolit-
ical problems as well, because the area lay along a
crucial route for numerous illicit forms of trafficking
(including human trafficking) in that part of North Af-
rica, a phenomenon that has dramatically increased
since the Arab Spring (e.g., Micallef 2017; UNSMIL
2016).

Although not uniquely directed towards rock art, a
positive example is the White Desert National Park
project, an area north of Farafra oasis in Egypt. Here,
cooperation between Egypt and Italy allowed for the
implementation of conservation plans supported by the
United Nations Development Programme (www.
egyptheritage.com/eco_rayan.html). Similarly, the
recent creation (2007) of the national park of Gilf Kebir
should favour its preservation and sustainable tourist
use, including the rock art evidence (Kuper 2007).

In any case, too many extraordinary regions of the
Sahara still completely lack even basic protection, and
effective management plans remain very rare. It is im-
portant to note that virtually no rock art site is present
today in the updated UNESCO Tentative list, despite the
richness of Saharan and North African rock art
(Table 2). The only site clearly focused on rock art is
the “Gravures et peintures rupestres de I'Ennedi et du
Tibesti” (presented as a cultural property in 2005 and
partially successful: only the Ennedi was inserted as
mixed property in the WH list in 2016). Though it is
not clearly stated, the “Réserve Naturelle Nationale de
I'Air et du Ténéré” in Niger includes the rock art of these
mountains among the main aspects of outstanding val-
ue, together with other cultural features. Much further
south, but geographically in the Sahelian belt of Burkina
Faso, we have “Les gravures rupestres du Sahel burki-
nab¢: Pobé-Mengao, Arbinda et Markoye,” still to be
inscribed.

Many archaeological and rock art contexts are still
inhabited by nomads, whose role in actively protecting
heritage and increasing awareness should be seriously

Table 2 Numbers of sites from North African/Saharan countries in
the UNESCO Tentative list, sorted by country and type of property
(http://whe.unesco.org/en/tentativelists, accessed June 2017)

Natural Cultural Mixed Total
Algeria 0 5 1 6
Chad 3 4 0 7
Egypt 7 23 3 33
Libya 0 0 0 0
Mali 2 9 0 11
Mauritania 0 3 0 3
Morocco 4 9 1 14
Niger 6 8 4 18
Sudan 2 3 0 5
Tunisia 5 6 1 12
total 29 70 10 109

considered (e.g., Bennett and Barker 2011). Across the
Sahara, the exploration and exploitation of underground
resources is a major threat as is evident from the recent
UNESCO nomination of the Ennedi mountains. After
several decades, rock art contexts such as those in the
disputed area of Western Sahara still suffer dramatic
problems, including the vandalism perpetrated by UN
officers (Brooks 2005). Today, we must add the insta-
bility and turmoil affecting the northern countries of
Africa. This brings us back to the need to increase
significantly the digitization of rock art archives, most
of which are scattered among different universities,
individual researchers and travellers. Most of them (or
rather us) are non-African, and based outside the Sahara.

Presenting and Disseminating Rock Art: a Remote
Perspective

Digital Repositories

Until the beginning of the Arab Spring, rock art and
desert archaeology were important tourism assets and a
strategic source of revenue for several North African
countries. The war in Libya and socio-political instabil-
ity elsewhere completely changed this. Site monitoring
by local institutions and scientific research undertaken
by foreign missions decreased. In a sense, we can now
view rock art only virtually on computer screens, and
this increases our digital involvement. Examining the
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major databases, such as the African Rock Art Digital
Archive of the Rock Art Research Institute (www.
sarada.co.za), a world-renowned institution based at
the University of Witwatersrand in Johannesburg, it is
clear that these are designed mostly for researchers. In a
sense, the same is true of many other digital repositories.
It might be helpful to consider the experience of an
“average user” when accessing any of these databases,
viewing these digital archives from a different perspec-
tive and not just from a professional/scientific one. Most
webpages are in English, which is not the most widely
spoken language in North Africa (or of many other
countries across Africa). The images are generally given
code names, as geographical references are not always
available. Overall, these databases mostly seem de-
signed for passive use. It is difficult for a nonspecialist
in rock art to navigate these sites and the experience can
be a frustrating one; meanwhile, the specialist might be
frustrated by the lack of contextual information de-
scribed before.

These limitations could be overcome, given also that
most databases were born at the dawn of the digital era.
However, most of the possible solutions can actually be
cost prohibitive, requiring investments in IT support and
development of the personnel that would require extra
effort in fund-raising by research institutions.

We all owe a great deal to these pioneering experiences,
intended to create a digital record of artworks that might
otherwise be in danger of vanishing. But in a sense, the
digital recording and dissemination of artworks today are
theoretically not so distant from the handmade copies of
the last century. The danger we should avoid is saving
terabytes of beautiful rock art images in the cloud, but
without any context or archaeological background. The
digital scientific community must share theories and
methods with a view to adopting a shared nomenclature,
creating a public thesaurus, making our classification
criteria explicit and adopting an ethical code of conduct.
This may require a two-pronged strategy: on the one hand
increasing the quality and scientific utility of our digital
archives (implementing scientific metadata and increasing
information on the archaeological/cultural background),
and on the other, aiming for a more immersive and virtual
experience, expanding multimedia and multi-language
resources, as for example proposed by the British Muse-
um, with the VR experience of Game Pass shelter in South
Aftica (http://vr.africanrockart.britishmuseum.org). This
may help to raise awareness among different audiences
and encourage the involvement of nonprofessionals.

@ Springer

Accessing and Connecting to the Internet in Africa

Since databases are digital repositories technically ac-
cessible from the internet, we must also consider the
penetration of the web among local populations and
internet connection speeds.

Although reliable data are difficult to find, we can
propose a rough estimate (Table 3). The figures for
Saharan and more broadly for North African countries
are apparently good compared to other parts of Africa;
currently, roughly a third of the population of these
countries has access to the internet, compared to the
African average of 28%. However, there are significant
differences between countries such as Algeria and Lib-
ya, with almost 50%, and Niger or Chad where less than
3% of the population has access. These figures indicate
the need for a targeted approach (Table 4). Although
Africa is home to roughly 16.5% of the world’s popu-
lation (and these numbers will dramatically increase in
future decades to reach approximately 2.4 billion by
2050), under 10% are internet users. This digital divide
will probably narrow in the near future, but these num-
bers are a starting point for deciding how to use our
digital information. A related issue is the connection
speed; as already mentioned, this may significantly
compromise the internet experience of nonprofessional
users accessing a rock art database from a shared inter-
net point/device. Again, reliable sources are hard to find,
but it is generally accepted (by, among others, Speedtest.
net metrics), that the African country with the fastest
internet connection is Ghana, which ranks only 77th in
the world list (Smith 2017). Compared to the rest of the
world, broadband speeds in Africa are almost without
exception extremely low (Fig. 10). Developing the nec-
essary broadband and optical fibre infrastructure will
take time, and the political situation may affect the speed
of implementation in the near future. In this context,
Long Term Evolution (LTE), 4G and other mobile sys-
tems are probably the best way of improving connection
speeds, a key factor in telecommunications, data sharing
and internet use, interfaced with dedicated smartphone
applications. Africa, and particularly the Sahara, have an
uneven distribution of this type of connectivity; some
countries still have GSM connections, while a few
towns have LTE/4G/3G. No 5G tests are currently in
progress, and this will widen the future digital divide
(http://www.worldtimezone.com/5g.html).

In any case, based on this very preliminary analysis,
our digital repository of rock art contexts should be
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Table 3 Frequency data on internet usage in North Africa/Saharan countries (modified, after http:/www.internetworldstats.com/stats1.

htm#africa accessed June 2017)

Population™ Internet users Internet users Penetration Internet growth

(est. 2017) (31/12/2000) (31/03/2017) (% population) (2000-2017)
Algeria 41,063,753 50,000 18,580,000 452% 37,060.0%
Chad 14,965,482 1000 387,063 2.6% 38,606.3%
Egypt 95,215,102 450,000 34,800,000 36.5% 7633.3%
Libya 6,408,742 10,000 2,800,000 43.7% 27,900.0%
Mali 18,689,966 18,800 2,212,450 11.8% 11,668.4%
Mauritania 4,266,448 5000 714,132 16.7% 14,182.6%
Morocco 35,241,418 100,000 20,207,154 57.3% 20,107.2%
Niger 21,563,607 5000 439,164 2.0% 8683.3%
Sudan 42,166,323 30,000 10,886,813 25.8% 36,189.4%
Tunisia 11,494,760 100,000 5,800,000 50.5% 5700.0%
Total North Africa/Sahara 291,075,601 769,800 96,826,776 33.3% 12,578.2%
Total Africa 1,246,504,865 4,514,400 353,121,578 28.3% 7722.1%

*Estimates on population numbers are provided by UN (http://www.un.org/en/development/desa/population/)

aimed more at smartphone/tablet devices than at laptop/
desktop facilities.

Final Remarks

Saharan rock art is a crucial aspect of Africa’s cultural
heritage, and its analysis, understanding, conservation,
management and dissemination should be a priority not
only for scientists, but also for local and international
institutions, NGOs and stakeholders. As noted by Gib-
bons (2017, p. 18). “When practiced as a science, rock
art research is a global community endeavour. In fact,
the progress of rock art science relies on interaction
within that global community.” The aftermath of the
“Arab Spring” has created a highly critical situation in
the Sahara and in North Africa more generally. Conflict

and turmoil have almost destroyed the global commu-
nity, making digital resources essential for achieving the
priorities outlined above. It is clear that the—already
deep—digital divide in North Africa may widen further
in the very near future. This necessarily requires a
diversified strategy. Existing institutional digital reposi-
tories should provide more information on the archaeo-
logical and environmental contexts of artworks, at pres-
ent virtually absent. However, since access to the area is
now almost impossible, this will entail retrieving the
contextual information scattered around the archives of
foreign missions. UNESCO, ICOMOS and other UN-
based institutions should be involved to facilitate this
process. The mission of such digital databases should be
mainly directed at institutions, stakeholders and scien-
tists. Theoretical aspects should be discussed and agreed
upon, to create a shared protocol for recording and

Table 4 Internet usage in Africa and the rest of the world (modified, source http://www.internetworldstats.com/stats 1 .htm#africa, accessed

June 2017)
Population* Population % Internet users Penetration Internet
(2017 Est.) (2017 Est.) (31/03/2017) (% population) (% users)
Total for North Africa/Sahara 291,075,601 3.8% 96,826,776 33.2% 2.6%
Total for Africa 1,246,504,865 16.6% 353,121,578 28.3% 9.4%
Rest of World 6,272,524,105 83.4% 3,386,576,922 54.0% 90.6%
World 7,519,028,970 100% 3,739,698,500 49.7% 100.0%

*Estimates on population numbers are provided by UN (http:/www.un.org/en/development/desa/population/)
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Fig. 10 Map of the world average speed of broadband Internet connection, as of June 2017 (modified, after Smith 2017)

storing information, and to allow open access to this
information that in turn may be used by different sub-
jects. Given the current situation, digital information is
our only means of keeping interest in these countries
alive. When and if fieldwork will resume, we should
bear in mind the existing digital divide and choose low-
cost technologies, given that many institutions in North
Africa cannot afford either the technological devices or
the professional software needed to process digital re-
cordings. Implementing such digital repositories with
contextual information on rock art sites—i.e., not limit-
ed to close-up photographs of the painted or engraved
panel—may also be of great help in revitalising local
UNESCO representatives, in order to at least try to
resume the preparation of nomination files, today virtu-
ally nonexistent.

A second digital strategy should focus on creating
mobile, user-friendly, multi-language immersive expe-
riences using smartphones/tablet devices. It is likely that
broadband connections will slowly become more wide-
ly available in North Africa, whereas LTE/4G/3G will
become common. The virtual experience and fruition of
digital information on rock art contexts will become

@ Springer

easier, ultimately favouring its knowledge and dissemi-
nation in places that currently have little access to even
basic necessities.

It might seem bizarre to insist on such aspects, but
culture and knowledge represent the foundation for any
enduring reconciliation and peace-keeping process.
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