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Abstract

International development for the both geoconservation and geotourism requires attention to all
kinds of (potential) geological heritage. The Ajanta Caves (western Maharashtra, India) is a famous
cultural object consisting of 30 caves carved in the Deccan Traps and inscribed to the UNESCO
list of the World Heritage Sites. Its examination permits to indicate four geological features, which
are the artificial caves themselves (these mark geological activity of the man in the historical past),
the end-Cretaceous flood basalts (these demonstrate the emplacement of Large Igneous Province
and the relevant palaeoenvironmental catastrophe), the gorge of the Waghora River (this is
peculiar landform resulted from the river erosion of hard rocks), and the rockfall hazard (this is
an interesting engineering geological phenomenon linked to the caves construction/maintenance).
Geological heritage value of these features is argued. Unfortunately, there is not any geotourism
activity at the Ajanta Caves presently. The content analysis of the principal on-line resources (web
pages) devoted to this cultural site reveals the absence of sufficient geological information that would
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facilitate geotourism. Generally, judgements about the Ajanta Caves and the other similar sites in
the geological dimension permit to consider the wide spectrum of the geological heritage. They also
highlight some extra opportunities for geotourism, which can benefit by its development at cultural
sites with thousands of visitors.

Key words: Ajanta Caves; Deccan basalts; Geological heritage; Geotourism; World Heritage Site.



CAD. LAB. XEOL. LAXE 38 (2015)

INTRODUCTION

Geological heritage is a wide category,
and it embraces exceptional geological ob-
jects in-situ (so-called “geosites”) and ex-situ
(specimens in museum collections) (Wimble-
don & Smith-Meyer, 2012; Gray, 2013; Pross-
er, 2013; Ruban, 2013). However, it would be
wrong to limit the geological heritage to the
only geological objects sensu stricto. In fact,
this category includes also cultural items with
heritage value that is (or may be) partly de-
termined by their geological importance (cf.
Hose, 2000; Migon, 2009; Neches & Erdeli,
2014). Moreover, the geological experience is
tied closely to the cultural experience (Tang,
2000; Goudie, 2002; Panizza & Piacente,
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2009; Gordon, 2012; Gray, 2013; Lubova et
al., 2013; Neches & Erdeli, 2014). By exam-
ple of Petra (Jordan), Migon (2009) demon-
strated that the well-known UNESCO World
Heritage Sites of cultural importance may
also have geological heritage value.

In this article, we draw attention to the
geological dimension of the world-famous
cultural heritage object, namely the Ajanta
Caves (Maharashtra, India). Similar to the
above-mentioned Petra, it is also inscribed
to the UNESCO list of the World Herit-
age Sites. Our aim is to recognize the main
geological features of this site, to determine
their geological heritage value, and to con-
sider the importance of this value for the lo-
cal tourism development.

Bay of
Bengal

~ 300 km

Fig. 1. Geographical location of the Ajanta Caves.
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THE AJANTA CAVES  WORLD
HERITAGESITEANDITS GEOLOGICAL
SETTING

The Ajanta Caves are located in the
western part of the Maharashtra State of
India (Fig.1). These are 30 artificial caves
in the cliff above the valley (gorge) of the
meandering Waghora River (Fig. 2). They
were excavated (particularly, for the Bud-
dhist ritual purposes) in two phases dur-
ing the period of the 2nd century B.C.—6th
century A.D.; later, they were abandoned
and re-discovered in 1819. In 1983, they
were inscribed to the UNESCO list of
the World Heritage Sites (see relevant
documents at http://whc.unesco.org/en/
list/242). The cultural heritage value of the
Ajanta Caves is determined by the cave ar-
chitecture, wall paintings, and sculptures.
Undoubtedly, the huge size of the caves
also matters; at least, the Ajanta Caves is
among the largest historical sites in the
UNESCO list.

The geological setting of the Ajanta
Caves was characterized recently by Ansari
et al. (2014). The Ajanta Caves are carved
in a compound basalt flow of the Ajanta
Formation belonging to the Sahyadri
Group of the Deccan Traps. Researches
have identified five basaltic flows of alter-
nating “aa” and compound “pahoehoe”
characters (Walker, 1971; Bondre et al.,
2000, 2004). The thickness of individuals
flows ranges from a very few to 80 m (GSI,
2001). The compound “pahoehoe” flows
show ropy structure and vesicular top with
spheroidal vesicles, whereas the “aa” flows
are dark grey and massive with fragmen-
tary top and base (Rana & Vishwakarma,
1990).
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METHODS

This study employs two qualitative ap-
proaches. The first approach is general evalu-
ation of the geological heritage. At the be-
ginning, we recognize the geological features
that are linked to the Ajanta Caves World
Heritage Site. For this purpose, the geologi-
cal setting of this cultural heritage site is ana-
lyzed. The features are classified according to
the typology of geological heritage proposed
by Ruban (2010) and Ruban & Kuo (2010).
Then, it is attempted to determine the geo-
logical heritage value of these features. This
is possible via consideration of the degree of
uniqueness of the latter, i.e., the rarity of the
features on international, national, regional,
or local scales. This degree also depends on
the importance of the geological features for
science, education, and tourism. We also at-
tempt to follow the principle of interpreta-
tion of cultural objects in the terms of geol-
ogy that was offered by Migon (2009).

Recognition of any geological herit-
age value of the cultural object indicates its
geotourism potential. As suggested by our
examination of the site and queries to the lo-
cal authorities, there are not geotourism ac-
tivities linked to the Ajanta Caves presently.
However, visitors of such important sites
may decide to pay attention to geology them-
selves through the available on-line resources
(supposedly demanded by many tourists), if
the relevant information is presented there.
Therefore, our second approach is the con-
tent analysis of the on-line resources devoted
to the Ajanta Caves. Direct or indirect con-
sideration of geological phenomena on sev-
eral principal web pages is checked in order
to conclude about the availability of on-line
geotourist resources and their quality.
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GEOLOGICAL FEATURES AND THEIR
HERITAGE VALUE

The most striking geological feature to
be recognized at the Ajanta Caves World
Heritage Site is the caves themselves. The
excavation of 30 caves with the maximum
length of >35 m (see physical parameters in
the catalogue of the caves provided by the
Archaeological Survey of India at http:/
asi.nic.in/asi_monu_whs_ajanta.asp) in
hard basalts reflects voluminous geologi-
cal/geomorphological activity of the man
in the historical past (Fig. 2). According to
the classification of Ruban (2010) and Ru-
ban & Kuo (2010), the caves can be judged
geohistorical feature. Its international geo-
logical heritage value is evident because of
the above-mentioned huge size of the en-
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tire cave ensemble. The attempted extrac-
tion of basalts linked to excavation of the
Ajanta Caves was really huge, and this fact
confirms the idea of humans as geological-
scale agents (Hooke, 2000; Wilkinson, 2005;
Goudie, 2013). Moreover, the cave excava-
tion is a very peculiar example of the geo-
logical/geomorphological activity of the
man, because it differs from the types of this
activity (mining, quarrying, etc.) that are
commonly mentioned in discussions of the
anthropogenic influences on the geological
environment (e.g., Goudie, 2013). Evidently,
the Ajanta Caves can be used efficiently by
geologists/geomorphologists for the pur-
poses of demonstration of how strongly
past civilizations could alter the geological
environment and what were their abilities of
construction of new landforms.

Fig. 2. Panoramic view of the Ajanta Caves World Heritage Site.

The other important geological feature
is the rocks, in which the Ajanta Caves were
excavated. These are the flood basalts (traps)

of the Deccan Plateau (Ansari et al., 2014)
that were emplaced at the Cretaceous—Pale-
ogene transition (Courtillot & Renne, 2003;
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Baksi, 2014). These basalts are of outstand-
ing interest because of two reasons. Firstly,
they are typical products of the mantle
plume activity resulted in the appearance
of a large igneous province (LIP) of huge
size in the end of the Mesozoic Era (Wig-
nall, 2001; Abbott & Isley, 2002; Courtillot
& Renne, 2003; Jerram & Widdowson, 2005;
Courtillot, 2007; Baksi, 2014). Secondly,
the emplacement of this LIP is considered
among the main possible triggers of the end-
Cretaceous global environmental crisis and
the relevant mass extinction that devastated
both continental and marine ecosystems
and marked the end of ammonites and di-
nosaurs (Hallam & Wignall, 1997; Keller,
2003; Courtillot, 2007; Keller et al., 2008)
(see Alvarez (2008) and Vajda & Bercovici
(2014) for alternative explanation of this
catastrophe). Undoubtedly, there are many
geological localities in India with the expo-
sures of the Deccan traps. However, the ex-
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cellent accessibility and the appropriate con-
servation of the Ajanta Caves, as well as the
good visibility of outcropped basalts make
this site ideal for explanation of the Dec-
can flood basalt volcanism and the relevant
palacoenvironmental perturbations. This
consideration permits to conclude about
the regional-to-national geological heritage
value of the igneous rocks from the Ajanta
Caves World Heritage Site.

Of interest is the deep gorge of the me-
andering Waghora River, which is a peculiar
geomorphological feature. On the one hand,
it permits to see deep river erosion of hard
rocks (basalts). On the other hand, the gorge
has a spectacular horseshoe shape (Fig. 3).
Additionally, cave excavation changed the
natural landform and added artificial ele-
ments to it, and these changes are really im-
pressive (see also above). These seem to be
enough to judge about the Ajanta Caves as
a local geomorphosite.

Fig. 3. The gorge of the meandering Waghora River

Finally, rockfall hazard in the Ajanta
Caves was explored recently by Ansari et
al. (2014). As this phenomenon was proven
possible, the engineering geological feature
(according to the classification of Ruban
(2010) and Ruban & Kuo (2010)) should

- a peculiar landform.

be recognized. It is of international herit-
age value because of two reasons. Firstly,
although rockfalls are common slope pro-
cesses (Guzzetti, 2013), their occurrence
linked to caves is of special interest. On the
other hand, rockfalls and other engineering
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geological processes at important cultural
sites should be treated as something specific
because of their possible links to rock mas-
sif weakness resulted from the construc-
tion/maintenance of these sites and also
because of significant possible damage or
total lost of unique cultural objects. Thus,
the investigations of Ansari et al. (2014)
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have made the Ajanta Cave an ideal site for
such rockfall studies. Slope processes are
also of interest because of the implemented
mitigation strategy, which is specific at the
World Heritage Sites (at least, slope protec-
tion structures should be efficient, but they
should not distract attention of visitors
from the site itself - see Fig. 4).

Fig. 4. Structure erected for slope protection at the Ajanta Caves World Heritage Site. It is designed “ideally”
to avoid distraction of visitors’ attention from the site itself, this structure looks similarly to authentic natural
(basalts) and artificial (caves) features.

ON-LINE GEOTOURIST RESOURCES

The presence of four geological features
(geohistorical, igneous, geomorphological,
and engineering geological) at the Ajanta
Caves that are all of heritage value highlight

the big geotourism potential of this World
Heritage Site. Although geotourism activ-
ity is lacking there, on-line resources would
permit visitors to learn about the geologi-
cal importance of this site in addition to
its outstanding cultural essence. Five main
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web resources that can serve as the main
sources of the knowledge about the Ajanta
Caves for tourists are provided by the UN-
ESCO (http://whc.unesco.org/en/list/242),
the Archaeological Survey of India (http://
asi.nic.in/asi_monu_whs_ajanta.asp), the
Maharashtra Tourism Development Cor-
poration Ltd. (http://www.maharashtra-
tourism.gov.in/mtdc/HTML/Maharash-
traTourism/TouristDelight/Caves/Caves.
aspx?strpage=AjantaCaves.html), the Sa-
cred Destinations (http://www.sacred-des-
tinations.com/india/ajanta-caves), and the
SANTRONIX Group (http://ajantacaves.
com/). All are very informative with regard
to the location of the site, its history, cul-
tural heritage, conservation activities, and
tourism opportunities. Unfortunately, none
of them pay direct attention to geological
features that one can observe together with
the cultural heritage objects.

Indirect indications on geological features
are available in the noted web resources, but
they are too few and ‘dispersed” among the
other information. For instance, the UN-
ESCO web page (http://whc.unesco.org/en/
list/242) allows downloads of some official
documents, where the local geology is ex-
plained briefly. Although it is unlikely that
potential visitors will read these documents
with attention, “volcanic lava” (a bit awful
term) of the Deccan Plateau is also men-
tioned on the web page itself. The gorge of
the Waghora River as a peculiar landform
is considered in several web resources (e.g.,
see http://ajantacaves.com/). And, of course,
physical parameters of the caves and the
methods of their excavation (these permit to
envisage the geological/geomorphological ac-
tivity of the past civilizations) are mentioned
here and there. Some geologically-wrong in-
formation is also found. The web page of the
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SANTRONIX Group (http://ajantacaves.
com/) informs about granite layers, although
these are basalt layers in fact (GSI, 2001).
Generally, what has been found on the noted
web pages is not enough to judge these pages
sufficient geotourist resources.

DISCUSSION

Why judgements of the cultural heritage
in the geological dimension are necessary? In
our opinion, they permit to extend the un-
derstanding of the geological heritage. The
example of the Ajanta Caves demonstrates
that some geological phenomena with herit-
age value can be found in ‘purely’ artificial
objects. If so, is it not a new form of the
geological heritage?! It seems to be sensible
to note that Panizza & Piacente (2009) went
so far to conclude about the importance of
cultural aspects to the wide definition of
geodiversity.

Determination of the geological features
in the Ajanta Cave provides extra opportu-
nities with regard to tourism. The annual
number of visitors of this well-accessible
site is very large and reaches hundreds of
thousands per year (see statistics at http://
whc.unesco.org/en/list/242). Their interest
and satisfaction can be increased via ‘diver-
sification’ of excursions by merging cultural
and geological experience. And, vice versa,
geotourism can also benefit from the latter.
This activity grows rapidly, but still needs
significant progress on the international
scale (Hose, 2000; Dowling & Newsome,
2010; Hose & Vasiljevi, 2012). If visits to
the World Heritage Sites is so important
driver of the global tourism (Yang et al.,
2010; Poria et al., 2013; Su & Lin, 2014),
explanation of geological peculiarities at
such sites may help to promote geotourism.
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Migon (2009) also considered the opportu-
nity of enhancing geotourism via its develop-
ment at such cultural heritage sites as Petra
in Jordan. Geotourism development can be
achieved by the local authorities and the in-
ternational community of specialists in geo-
conservation and geotourism. The situation
with the geological information on the Ajan-
ta Caves World Heritage Site available on-line
(see above) indicates how much should be
done yet to promote geotourism at this site.
However, presentation of sufficient geologi-
cal knowledge on the already-available web
pages will be an easy task. This would permit
to faciliate geotourism development at the
studied site because of the high importance
of on-line resources for tourists. Excursion
guides training (e.g. rise of their awareness of
the geological heritage linked to the Ajanta
Caves) seems to be also helpful. The noted
tasks can be achieved via the activity of local,
national, and/or international geoconserva-
tion/geotourism organizations.

Two additional remarks on tourism ac-
tivities in the Ajanta Caves are necessary.
Firstly, full consideration of the geological
context of this site may enhance understand-
ing of the visitors’ emotion and satisfaction.
We hypothesize that artificial caves may be so
attractive also by analogy with natural caves.
The picturesque gorge of the Waghora River,
where the studied site is located, also increas-
es potentially the attractiveness of the site.
Secondly, the detailed investigation of the
geological phenomena linked to the Ajanta
Caves attempted by Ansari et al. (2014) per-
mitted to judge about the tourist safety issues.

CONCLUSION

The case example of the Ajanta Caves
in India demonstrates that cultural herit-
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age objects may have recognizable geologi-
cal features, some of which are of geological
heritage value. Coupled with the earlier-
made similar conclusion on the other world-
famous cultural heritage site, namely Petra
in Jordan (Migon, 2009), the significance of
the cultural objects for the purposes of geo-
conservation and geotourism appears evi-
dent. Some efforts for further promotion of
the Ajanta Caves as a geotourist destination
are necessary, because the geological infor-
mation about this UNESCO World Herit-
age Site (at least, presented by the principal
on-line resources) is insufficient.

The attempted study stresses the general
importance of judgements about the cultur-
al heritage in the geological dimension. If
s0, it seems to be both urgent and interesting
to analyze the geoconservation and geotour-
ism potential of the other cultural sites of
the world.
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