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Abstract
Despite the high geoheritage value of caves and karsts, northern Ethiopia’s largest cave at Zeyi (13.5586°N, 39.1454°E) in the
Dogu’a Tembien district has received little attention so far. We have studied its geological, geomorphic, socio-cultural and
historical dimensions in a holistic way. The basal member of the Antalo Limestone, in which the Zeyi cave is located, consists
of grainstone and wackestone with subordinate marly interlayers. Over a length of 364 m, the oval-shaped gallery displays
stalagmites, stalactites, five columns, dissolution holes (“bell-holes”) following joints, stalagmitic floors and other concretions or
speleothems. In the absence of any dating of the cave, we contrasted its elevation above the current local base level with known
average incision rates of the northern Ethiopian highlands to reconstruct its age, which was calculated as at least 2 to 4 million
years. The palaeo-environmental information that is archived in the Zeyi cave sediment would hence cover the Pleistocene. The
graves in the sediment at the bottom of the Zeyi cave further indicate that the place could be an ancient burial site, which gives
scope for archaeological research. Zeyi boosts a unique combination of abiotic, biotic and cultural components: the nineteenth c.
church under the overhanging cliff; the unique cave; the speleothems, cliffs and gorges; and the cave’s bat colony which has been
genetically confirmed to be composed of three syntopically roosting species. Accounting for a good balance between cave
research, community-based geotourism, geoconservation and biodiversity conservation, the Zeyi cave has strong credentials to
become a top geotouristic site in northern Ethiopia. However, major work needs to be done, including granting access for women
and organising community-based geotourism.
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Introduction

Given the semi-closed environment, and its often spectacular
setting, caves are most probably the first geosites that humans
have valued and respected. As in earlier cave studies
(Hamilton-Smith 2007; Pierson 2009; Spate and Baker
2018; Watson et al. 1997), the karst values of northern
Ethiopia’s largest cave at Zeyi are approached in a holistic
way, involving abiotic, biotic, socio-cultural and historical
dimensions.

While most rock churches in the Tigray region were hewn
in sandstone of different ages (Asrat 2002), the Abune
Aregawi church at Zeyi (13.5586°N, 39.1454°E) in the
Dogu’a Tembien district is built at the entrance of a natural
limestone cave in the Antalo Limestone, a marly-carbonatic
marine succession of Jurassic age (Bosellini et al. 1997). The
wider surroundings of Mekelle, the capital city of Tigray, are
indeed characterised by the occurrence of various karst land-
forms including caves, speleothems and lapiez (Catlin et al.
1973) and a large number of Quaternary tufa dams (Berakhi
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et al. 1998; Dramis and Fubelli 2019; Moeyersons et al.
2006).

At Zeyi, after a climb through the buildings of the church
that has been constructed under an overhanging cliff of lime-
stone (Fig. 1), one can access the largest cave of Tigray, and
seventh longest of Ethiopia (Asrat 2015). Over a length of
364 m, the ca. 20-m wide, oval-shaped gallery displays sta-
lagmites, stalactites, five approx. 10-m-high columns, disso-
lution holes (“bell-holes”) following joints, and stalagmitic
floors, as well as speleothems, some of which cover an ancient
jar placed to collect droplets from the cave ceiling that are
used by the priests as “holy water”. The cave, that is also home
to hundreds if not thousands of bats, is between 3- and 15-m
high, to which several metres of sediment that fill its lower
part should be added.

The objectives of this study are (i) to present the geological,
geomorphological, biotic and cultural setting of the Zeyi cave,
(ii) to indicate its unique potential for archaeological and
palaeo-environmental research in north Ethiopia and (iii) to
evaluate the scope for geotourism to the cave sites of the
Dogu’a Tembien district.

Geological and Geomorphological Setting

The Antalo Limestone (Fig. 2) is a shallow-water succession
made of sub-horizontal alternating layers of limestone, marl
shale (Upper Oxfordian-Kimmeridgian; ca. 160–150 Ma),
overlying the continental Adigrat Sandstone (Trias). It was
deposited by marine ingression over a low angle (1–2°),
southeast-dipping continental ramp (Bosellini et al. 1997).
The upper transition to the Amba Aradam Formation, made
of sandstone with conglomerate levels, is the result of an
uplift-induced regression to a continental environment and is
marked by a gentle angular unconformity (Bosellini et al.
1997). The Antalo Limestone largely outcrops in the
Mekelle Outlier and is also found elsewhere in Ethiopia such
as in the Blue Nile gorge, in the Harar Plateau and around Dire
Dawa, where it hosts most of Ethiopia’s caves (Asrat 2015).

The Antalo Limestone Formation is made of four deposi-
tional members: (1) a basal member, in which the Zeyi cave
is located, made of grainstone and wackestone, with subor-
dinate marly interlayers and a coral stromatoporoid level in
the upper part (Fig. 1); (2) an arenaceous limestone member
deposited in an estuarine or lagoonal environment (Fig. S1 in
the Online Supplement); (3) a relatively deep-water member
made up of micritic limestone with intercalation of
wackestone and coquina beds and (4) a marly–limestone
top member, whose basal part is made of cherty limestone
(Fig. S2) (Bosellini et al. 1997; Dramis and Fubelli 2019).
The thickness of the Antalo Limestone reaches up to 700 m.
The layering is sub-horizontal, similar to the underlying sed-
imentary formations (Bosellini et al. 1997; Dramis and
Fubelli 2019).

The Antalo Limestone is locally covered by Amba
Aradam sandstone and basalts; it overlies the Adigrat sand-
stone and the Precambrian basement (Sembroni et al. 2019).
The sandstone formations, and particularly the Adigrat sand-
stone, are cliff-forming (Bussert and Nyssen 2019). Under it,
the exhumed planation surface at the top of the Precambrian
metamorphic rocks (Coltorti et al. 2007) offers stronger re-
sistance against erosion, what makes that the regressive ero-
sion could not fully dissect it; rivers typically incised deep
gorges in the sedimentary rocks, then run for 10–20 km on
top of the exhumed planation surface, after which they
plunge again in deep gorges in the Precambrian rock
(Sembroni et al. 2017).

Fig. 1 The basal member of the Antalo limestone near Zeyi village. The
Abune Aregawi church is built under the overhanging cliff that hosts a
364-m long cave in the limestone. Cave entrance is indicated by an arrow.
Photo Jan Nyssen (2013). (Dramis and Fubelli 2019)

�Fig. 2 Regional geological map, with location of caves and other places
mentioned in the article. Two geological sections allow to envisage the
configuration of the geological context in which the karst systems
developed. Lithology, stratigraphy and geometry of the main faults are
in line with geological maps and literature (Arkin et al. 1971; Beyth 1972;
Bosellini et al. 1997; Russo et al. 1999; Sembroni et al. 2016; Sembroni
et al. 2019; Sembroni et al. 2017; Gebreyohannes et al. 2010; Chernet and
Eshete 1982)
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Field Observations

On 24 February 2017, 26 November 2017 and 27 April 2019,
the authors were the first scientists to document the cave since
Causer (1962). In 1972, the British Cave Research Group was
not granted access (Catlin et al. 1973). The recent visits
allowed planimetric measurements and re-drawing of the cave
map produced by Causer (1962) (Fig. 3).

Evenwithout visiting the cave, the view on the surrounding
landscapes (Fig. 4; Fig. S3) and the monumental church under

the overhanging limestone cliff (Fig. 1; Fig. S4) were worth
the trek of 6 km and 560 elevation metres between Inda
Maryam Qorar and Zeyi (Table S1; Nyssen 2019).
Negotiations were necessary before entering the cave, as it is
located behind the Abune Aregawi church, and de facto its
property. The cave is said to have been discovered in the mid-
nineteenth c. by monk Geta Hailu behind thorny redwing
lianas (Pterolobium stellatum) that then covered the cliff face.
Informed about the existence of the cave, the Ethiopian em-
peror Yohannes IV mobilised 300 people from Dogu’a
Tembien to build a church near the cave entrance. Plant and
Buxton (1970) studied these church buildings (Fig. S4, left)
andmention “the entire series of buildings mounted one above
the other with terraces and boweries built on rock promonto-
ries. High up under the cave roof is the simple square church
(…). Under the roof, a series of cell-like graves; below and to
one side the bakery; to the other, the living quarters, built on a
jutting out piece of solid rock. The concept of levels inter-
weaving, set back one upon another, connected by rude newel
stairs, (…) is to be seen nowhere else in Tigray. One painting
on a wall with a snake”. A spiral staircase (Fig. 5) leads to a
small room with a doorway of approx. 50 cm × 50 cm at the
back (Fig. 6), giving access to the cave. Yohannes’ descen-
dants continued nurturing this church; for instance, his grand-
son and last governor of Tigray in feudal times, Mengesha
Seyoum, financially supported the Zeyi church and monastery
and organised the visit of the cave by co-author Causer in
1962. A new church has been built besides the old church
buildings, in traditional monumental Tigrayan style (Fig. S4,
right).

When entering the cave, which is at the level of the roof of
the new church, one first crawls through a narrow passage
near the entrance (0.7-m high) (Fig. 7). The low height is
due to the bottom of the cave being filled with a thick pack
of sediment, in which a further passage has been excavated
(Fig. 8). There are partly damaged stalactite curtains on both
sides (Fig. 9). Damage is not mentioned by Causer (1962);
hence, the curtains would still have been intact in 1962. The
cave is a south-north oriented oval-shaped gallery without side
passages. Particularly in the middle part of the cave, there are
large vertical dissolution holes (“bell-holes”) in the ceiling of
the cave (Fig. 10). In several places, these solutional hollows
are over 2.5 m in diameter and one can be seen to extend
upwards at least 5 m (Causer 1962).

A little north of the bell-holes is a group of three irregu-
larly shaped pillars (Fig. 11), and, further on, an additional
three columns (Fig. 12). At various places, massive stalac-
tites hang from the ceiling (Fig. S5). A little further on, larger
stalactitic flows are present on both walls, as well as a 2-m
high lone stalagmite (Fig. S6). The back of the cave is well
decorated with abundant stalactites and columns (Fig. 13)
that prevent further progress, although cavities are visible
behind them.

Fig. 3 Ground plan of Zeyi cave in Tigray, Ethiopia. Cliff overhang and
church buildings sketched in only. Original drawing by D.J. Causer and
D.A. Wheeler (Causer 1962). Redrawn by Sofie Annys with ground
measurement data (Seifu Gebreslassie, Jeroen Berlo) and inputs from
the authors. Five cross-sections are schematically represented at left of
the gallery
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Very locally, in the middle part of the cave, water drips
from the ceiling at slow discharge; it takes a week to fill a

bucket, which corresponds approximately to a discharge of
0.12 l per hour. A jar that was used in earlier times to collect
the dripping water is standing in the cave and is covered by
concretions that are cemented to it (Fig. 14).

Several metres of sediment are deposited on the floor of the
cave, partly cemented by stalagmitic concretions. Especially
on the eastern side of the cave, there are dozens of graves,
excavated in the sediment that fills the bottom of the cave.
Each grave is marked by two lozenge-shaped stones
(Fig. 15). The cave was used as the village cemetery up to
the 1980s.

Estimated Age and Environmental Conditions
of Cave Genesis

The Zeyi cave (gallery) is obviously of solutional origin and
has formed along a major north-south-oriented joint in the
limestone. This is visible along the centre of the roof for the
entire length of the cave, which is frequently hollowed out to
a considerable size (Causer 1962). Such linear and
regularised caves (Fig. 3) have typically been formed by
flowing, rather than dripping, water. The sub-horizontal char-
acter of the gallery indicates an underground river with equi-
librium profile. Currently, springs fed by limestone aquifers
occur at various places in the valley bottoms of the wider
area between Zeyi and Mekelle (Chernet and Eshete 1982).
The cave is situated at about 2070 m a.s.l. whereas the local
base level is at 1417 m a.s.l., i.e. the Giba River some 10 km
south of the cave.

Fig. 4 View from cave entrance
over the church roof (note the
crosses) towards Zeyi gorge.
Photo Sofie Annys (2017)

Fig. 5 The staircase towards Zeyi cave entrance. Photo Seifu
Gebreselassie (2017)
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TheMay Hib’o cave (Gebreselassie and Lanckriet 2019), a
70-m long horizontal gallery some 9.6 km ESE of Zeyi (Fig.
S7), is at an elevation of 1968 m a.s.l. Another major cave in
the area, a 145-m long horizontal gallery at 2230 m a.s.l., is
located in a gorge flank opposite to a river confluence at
Zeleqwa, 8.6 km NNE of Zeyi. There, towards the upper side

of the cliff, an alignment of cavities is visible; these are the
“windows” of a dissolution gallery that runs parallel to the
river. The entrance to this so-called “Vase cave” is two “eye-
holes”, 8 m up a very difficult cliff to climb (Fig. S8). Access
is possible for experienced rock climbers, though the villagers
do not go there because they fear the place. Catlin et al. (1973)

Fig. 6 Top room of the Zeyi
church buildings, which, at the
back the entrance to the cave,
hidden by a piece of cloth. Photo
Sofie Annys (2017)

Fig. 7 A narrow passage soon
after the entrance of Zeyi cave
(southernmost cross-section indi-
cated in Fig. 3). Photo Jan Nyssen
(2017)
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mentioned that the dusty cave floor is littered with jars of
various sizes. Reportedly, the clay pots served to contain food

reserves for the villagers during “an inter-tribal war in about
1910”. Catlin et al. (1973) further state that “the passage is
formed in a fault and after some 30 metres closes down to a
crawl which enters the fault continuation which is another 30
metres long. The cave also has a 50-metre long section north
of the entrances”.

At the bottom of the Antalo Limestone, where it overlays
the Adigrat Sandstone, several high discharge resurgences
drain the karst aquifer (Fig. 2). Secondary porosity and trans-
missivity are greater in the karstified limestone than in the
underlying Adigrat sandstone (Tesfagiorgis et al. 2011;
Chernet and Eshete 1982). At Rubaksa (1991 m a.s.l.), there
is a large resurgence, sufficient to have an oasis in an other-
wise dry limestone landscape (Fig. S9). Of special interest is
the May Bilbil resurgence (1712 m a.s.l.), some 500 m up-
stream of the old bridge on the Giba River. Here, the resur-
gence is inside the Giba River bed and in the dry months, the
spring water can be observed to surge through the baseflow
of the river (Fig. S10) (Walraevens et al. 2019). May Bilbil
and Rubaksa are in a similar stratigraphic position to Zeyi, at
the contact of the Antalo Limestone with the underlying
Adigrat Sandstone (Fig. 2), further upstream in valleys paral-
lel to the Zeyi gorge. Those valleys are not yet incised deeply
into the underlying stratigraphy, i.e. the resurgences are at the
level of the current valley bottom. We may assume that the
caves in Zeyi, Zeleqwa and May Hib’o were in a similar
topographic position when water was running in the gallery
that was then dominated by dissolution processes.

The formation of horizontal gallery caves is generally at-
tributed to the circulation of groundwater during a relatively
long period of stability in the water table and local river base

Fig. 8 Near the Zeyi cave entrance, the concretions form a floor covering the thick ancient sediment deposit. The floor and sediment have been partly
excavated to facilitate entrance to the cave. Photo Jeroen Berlo (2019)

Fig. 9 Internal structure of damaged stalactite curtain near the entrance of
Zeyi cave. Causer (1962) describes these curtains but makes no mention
of the vandalism. Photo Jan Nyssen (2017)
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levels (Ek 1957; Ek 1961; Ford and Ewers 1978; Ortega et al.
2013; Palmer 1987). At local scales, there is a long-standing
discussion as to whether caves develop in the vadose zone or at
or below the regional groundwater table (Bretz 1942; Ford and
Ewers 1978; Gabrovšek et al. 2014). What matters, for our
purpose, is that active cave levels are in phase with the regional
base levels. As rivers incise, different levels of caves tend to
correspond to episodic stable levels during downcutting
(Audra et al. 2006; Bakalowicz 2005; Ortega et al. 2013). In
this way, known ages of caves allow the calculation of rates of
river downcutting, as Piccini et al. (2003) did in the Apuan
Alps in Italy. In a similar way, and in the absence of any dating
of the Dogu’a Tembien caves, we may contrast their elevation
above the current local base level with known average incision
rates of the northern Ethiopian highlands to reconstruct the age
of the caves. Besides the well-documented average uplift rate
of 2000 m in 30 Ma (Sembroni et al. 2016), Sepulchre et al.
(2006) estimated the tectonic uplift of the Ethiopian highlands
at > 1000 m in 6 million years. Hence, to a first approximation
(Table 1), we calculated the minimum age of Zeyi cave to be
3.9 Ma, Zeleqwa 2.2 Ma and May Hib’o cave at least 2.9 Ma.
Within this range, we have to consider that the basement rocks,
located close to the partial base levels at Kemishana and May
Lomi, are hard to incise. Hence, the caves are probably older
than the calculated minimum ages of 2.2–3.9 Ma. In those
periods, with landscapes that were about 1000 m less uplifted,
the caves would have been at the level of the wider valley
bottoms.

Importance for Sub-Recent Landform
Evolution

The back of the cave is well decorated with abundant stalac-
tites, and speleothems also cover the floor. The local narrative
is that the cave extends well beyond that. As we had no spe-
leological equipment, we did not proceed. The choked boul-
ders at the end of the cave are evidence of cave collapse
beyond this point. Most probably, in view of intervening
East-West trending faults, the end of the cave scatters into
smaller feeders.

A few hundred metres west of the Zeyi cave, there is a
gorge which appears to be a collapsed cave with same north-
south orientation (Fig. 16; Fig. S11). The parallelism is anoth-
er argument in favour of the solutional origin of the cave
(Palmer 1991). Aerial photo observation shows several other
depressions parallel to the Zeyi cave, which are interpreted as
dry valleys over caves that have not yet collapsed. Hence,
widening and collapse of caves must have been a major pro-
cess in landform development in these limestone areas.

Further evidence for the contribution of cave collapse to
landform development is the occurrence of stalagmites and
stalactites under overhanging rocks on the side of the gorge
and near Zeyi’s cave entrance (Fig. 4). The side of the current
gorge appears also to be the side of a previous cave. The
observed concretions are notably different from the softer tufa
stalagmites (Ford and Pedley 1996) observed on limestone
cliff faces in the surrounding area. Unlike the small caves of

Fig. 10 Upward view of a
dissolution hole (“bell-hole”) in
the ceiling of Zeyi cave, about
1.5 m wide. Photo Jan Nyssen
(2017)
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the Zeyi gorge, nearby tufa stalactites developed under open-
air conditions and do not show clear stalagmitic counterparts
(Fig. S12).

The Cave’s Bat Colony

Cave ecosystems seem separated from the outside environ-
ment, but are often highly linked with it because of the move-
ment of bats (Hjort et al. 2015). At Zeyi, a large colony of bats
roosts around the middle of the cave at the left (western) side.
As part of a survey study focusing on cave bats in Tigray, nine
individual bats belonging to three syntopically roosting spe-
cies (Fig. 17), Hipposideros megalotis, Hipposideros tephrus
and Rhinolophus blasii, were captured in the Zeyi cave. The
individuals were mist netted (nylon monofilament 0.08 mm,

6 m × 2.5 m) at the cave entrance on February 24, 2017.
Species types were genetically confirmed.

Hipposideros megalotis (Ethiopian large-eared roundleaf
bat), six individuals, all males (average forearm length
35 mm, range 34–36 mm; average weight 4.2 g, range 3–
7 g). H. megalotis is a rare, small orange bat with long ears,
distributed in East Africa and the Arabian Peninsula
(Monadjem and Shapiro 2017a). It is a rare species in
Ethiopia (this is the third record for the country – pers. comm.
Petr Benda, National Museum & Charles University, Prague).
H. megalotis occurs in dry savanna, subtropical or tropical dry
shrubland, caves and hot deserts. Further study is needed to
better understand the feeding habit, distribution, ecology and
threats to this enigmatic species.

Hipposideros tephrus, two individuals, male (forearm
length 46 mm, weight 6 g) and female (forearm length
45 mm, weight 6 g). Confirmed to occur in Morocco,
Senegal and Yemen, the species has presumably a wide dis-
tribution in North and West Africa and the Arabian Peninsula,
and between these areas in arid ecosystems, dry open and
coastal forests (Monadjem and Shapiro 2017b). H. tephrus is
a colonial leaf-nosed species commonly occurring in caves in
Tigray (unpubl. data).

Rhinolophus blasii (Blasius’s horseshoe bat), one female
individual (forearm length 46 mm, weight 7 g). R. blasii has a
patchy Palaearctic and Afrotropical (parts of North, East and
Southern Africa) distribution (Jacobs et al. 2016; Taylor
2016). Unlike the other two bats, this species is not common
in caves and occurs in groups of no more than three or four
individuals (Jacobs et al. 2016). This was the only individual
of the species we have sampled during our assessment of
Tigray’s caves. R. blasii is known to feed on lepidopterans
that can be pest of agriculture and household (Cooper 2009).

Zeyi was the only cave where three syntopically roosting
bat species were encountered, out of the six caves assessed in
Tigray so far. The other cave bat roosts were composed of one
gregarious species. The exact distribution of the three bat spe-
cies in Ethiopia as well as their role in insect pest control is still
under investigation. Like other caves, Zeyi is an example of
why geodiversity is important to biodiversity: besides the bats,
probably highly distinctive biota occurs, adapted to life in
darkness and, in our case, relatively constant warm tempera-
ture (Culver and Pipan 2009). Furthermore, the geographic
isolation among caves can also generate fauna and flora that
is endemic to a limited area (Hjort et al. 2015).

Scope for Archaeological
and Palaeo-Environmental Research

The graves in the sediments of the Zeyi cave might indicate
that the place is an ancient burial site. Cave burial is a very
ancient tradition in the Ethiopian highlands. Finneran (2012)

Fig. 11 The three pillars (“amdi” in Tigrinya), a bit further than half-way
in Zeyi cave. Photo Jeroen Berlo (2019)
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shows that caves were burial places in the Aksumite (fourth c.
BCE–ninth c. CE) and Zagwe (11th–thirteenth c.) periods and
considers the use of caves for churches and cemeteries as a
Christianisation of an earlier sacred spot. He refers to Conti-
Rossini (1905) for attachment to caves by the older Agaw
ethnic group. Underground tunnels, caves or caverns in rocks

play a crucial role in diverse religious and other ancient tradi-
tions of the Tigrayan highlanders (Pankhurst and Aspen
2005). While today this is seen as a Christian tradition, the
continuity with much early rock burials from pre-Christian
times shows that it is deeply enrooted in a local spiritual tra-
dition pre-dating Christianity. For instance, Llorente et al.

Fig. 13 The back of Zeyi cave is
well decorated with abundant
stalactites and concretions also
cover the floor. The priest and
local people claim that the cave
extends well beyond. Photo Jan
Nyssen (2017)

Fig. 12 Three individual columns in Zeyi cave: (left) with remarkably
broader speleothems (stalagmitic floor) around its foot (photo Jan Nyssen
2017), (middle) the highest (photo Jeroen Berlo 2019) and (right) the best

developed column—current collection of holy water with plastic jars at
the back (photo Jan Nyssen, 2017)
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(2015) excavated the approx. 4500-year-old burial site of the
“Mota man” in a small cave in southern Ethiopia, and
Dombrowski (1970) studied the burial site of two infants
(1100–1400 CE) in a cave in Natchabiet (east of Lake Tana).
Hence, is it assumed that old human remains, possibly accom-
panied by artefacts, can be found at Zeyi, what gives scope for
archaeological research.

Analysis of the cave sediment may reveal important infor-
mation about the environmental history of the region.
Although part of the sediment has been reworked due to one
side of the cave having been used as a cemetery, the larger part

appears intact, certainly where it is covered by calcite concre-
tions (Fig. 8). The history that is archived in the sediment
would cover the Pleistocene, in line with the findings in the
“Estimated Age and Environmental Conditions of Cave
Genesis” section. The sediment thickness is the greatest at
the back of the cave and near the entrance. The fine texture
suggests that it has been deposited by slow accumulation,
representing long periods of accumulation, most probably
with hiatuses.

Similarly, the speleothems in the caves provide unique and
datable archives of environmental conditions during

Fig. 15 Partial view of the underground graveyard in the Zeyi cave. Photo Jeroen Berlo (2019)

Fig. 14 Jar that was placed in Zeyi cave in 1958 (according to the local
priest) to collect water dropping from the ceiling, to be used as holy water
in religious ceremonies (photo Seifu Gebreselassie 2017), with (right)

detail of its top—concretions are well-developed inside the jar also (photo
Jan Nyssen 2017)
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precipitation periods (Asrat 2001). Uranium series dating of
speleothems (Spötl and Boch 2019) is emerging in cave stud-
ies in Ethiopia (Asrat et al. 2018; Asrat et al. 2007; Baker et al.
2010).

Potential and Drawbacks for Geotourism
to the Cave

Ethiopia has a lot to offer to geotourists (Asrat et al. 2008;
Mauerhofer et al. 2018; Williams 2016), and Zeyi could be-
come one of the geotouristic destinations, given its unique
ABC combination (Brilha 2016; Hagos et al. 2019; Reynard
2004): “A” for abiotic, with the presence of the unique cave,
the speleothems and the panoramic views of cliffs and gorges;
“B” for biotic with the cave’s bat colonies as well as a remnant
church forest on the foot of the cliff with a large number of

vervet monkeys (Chlorocebus pygerythrus) and “C” for cul-
tural with the unique church buildings, the underground
graveyard and the Zeyi village with its traditional agroforestry
system and recently improved land management, which al-
lows the resilient inhabitants to change the challenges of their
environment into opportunities. The suitability of the terrain
for trekking (Online Supplement, Section S2) is another ace.

Major drawback for geotourism is however the gender bias,
as women are allowed to visit the church but not the cave.
Reasons invoked are possible impurity of menstruations and
the narrative that after women entered the cave (for instance
for protection during the civil war of the 1980s), there was
noise like a lion’s roaming in the cave for the three following
years. In the context of the patriarchal society in Ethiopia,
“many of the socialisation agents including family, school,
the church, and the community perpetuate the unfair gender
relationship prevalent in the society” (Cherinet and Mulugeta

Table 1 Elevations of Dogu’a
Tembien’s caves and regional
base levels, and calculation of
minimum and maximum ages of
the karstic galleries

Cave or spring altitude Present partial base level Δz Age (Ma)a

m a.s.l. m a.s.l. (m) Min Max

Zeyi C 2070 Giba R. at Kemishana 1417 653 3.9 9.7

Zeleqwa C 2230 May Lomi 1863 367 2.2 5.5

May Hib’o C 1968 Junction of Giba R. and Inda Sillase R. 1476 492 2.9 7.3

Rubaksa S 1991 Rubaksa 1991 0

May Bilbil S 1712 May Bilbil 1712 0

a Plio-Pleistocene maximal incision rate of 167 m/Ma to calculate the minimum age, and minimal rate of 67m/Ma
to calculate the maximum age (Sembroni et al. 2016; Sepulchre et al. 2006). Real age probably is at the lower side
of this range, in line with delayed incision induced by basement rocks located just underneath the local base levels

Fig. 16 Debris of a collapsed cave roof litter the bottom of a small gorge (Fig. S11) parallel to the Zeyi cave. Arrows indicate cavities holding stalactites
and stalagmites on the flanks of the previous cave. Photo Jeroen Berlo (2019)
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2002). As in a great number of human societies, “men’s sure-
ness of their sex roles is tied up with their right, or ability, to
practise some activity that women are not allowed to practise”
(Figes 1986). Many monasteries in Ethiopia, for instance, do
not allow female visitors, what generates incomprehension in
tourist groups and leads to certain touristic places to be
avoided by tourist groups (Getnet 2018). In this case, the
monastery itself is accessible, and the interdiction for women
to access the cave pertains more to social construct than to
religion. If this can be changed, and income generated from
tourism, the Zeyi cave will become a geotourism hotspot.

Conclusions

The Zeyi cave is not only the seventh largest cave in Ethiopia,
but has unique features such as its magnificent setting high
above the current valley bottom in combination with its cul-
tural heritage. There is a colony of vervet monkeys in the
remnant forest at the foot of the cliff in which the cave is
found, and colonies of three different bat species are present
in the cave.

Considering the incision of the surrounding valleys and
known downcutting rates, we calculated that the cave is at
least 3.9 million years old. Hence, the metres of fine sediment
on the bottom of the cave are assumed to hold an undisturbed
environmental record of the Quaternary. The stalagmitic floor
that is deposited over it in several locations, as well as the
speleothems, gives scope for U/Th dating. Of interest for

archaeologists is the fact that the cave has been used as a burial
site until recently, and possibly since ancient times.

Considering size and setting of the cave, there is much
room for sustainable geotourism. One bottleneck, however,
is the gender-based discrimination that is traditionally
enforced on the visitors. Provided that vandalism and uninten-
tional damage can be avoided and a good balance found be-
tween cave research, community-based geotourism,
geoconservation and biodiversity conservation (Gordon
2018; Hjort et al. 2015; Kiernan 2013; Świerkosz et al.
2017), the Zeyi cave has strong credentials to become a
geotouristic site in Ethiopia.
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