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ABSTRACT

This paper presents a geomorphological map of Mount Ararat/Agri Dagi in Eastern Anatolia
(Turkey). Mount Ararat/Agri Dagi is a volcanic complex covered by a unique ice cap in the
Near East. The massif is the result of multiple volcanic phases, and present day landforms are
the result of subsequent and overlapping glacial, periglacial, and slope processes. The
geomorphological mapping of Mount Ararat/Agri Dagi was firstly performed on the basis of
desktop studies, by applying remote-sensing investigations using high-resolution satellite
imagery (PLEIADES and SPOT images). A preliminary draft of the map was crosschecked and
validated in the field as part of an interdisciplinary campaign carried out in the 2014 summer
season. All the collected data suggest that the Mount Ararat/Agri Dagi glaciation played a
crucial role in the evolution of the landscape and that even today glaciers are significant
features in this area. Currently, ice bodies cover 7.28 km? and include peculiar glacier types.
Among these are three well-developed debris-covered glaciers, flowing down along the
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flanks of the volcano.

1. Introduction

Mount Ararat/Agri Dagi is an ice-capped dormant
compound volcano (according to the classification of
de Silva & Lindsay, 2015) and represents one of the
most important glacierized areas in the Near East
(Williams & Ferrigno, 1991), representing a significant
water resource for the surrounding land (Sarikaya,
2012). It is located in Eastern Anatolia (Turkey), near
the borders with Iran, Armenia, and Azerbaijan.

It consists of two main volcanic cones: the Greater
Ararat (Buyuk Agr1), the highest peak in Turkey and
in the Armenian plateau with an elevation of 5137 m
a.sl, and the Little Ararat (Kucuk Agri), with an
elevation of 3896 m a.s.l. (Figure 1). It is one of Turkey’s
national parks and named ‘Agr1 Dag1 Milli Parki’.

The mountain is known worldwide as Mt Ararat;
however, none of the indigenous peoples have tra-
ditionally referred to the mountain by that name: its
Turkish name is Agri Dagi, whereas the traditional
Armenian name is Masis. The mountain has been per-
ceived as the traditional resting place of Noah’s Ark and
is also the main national symbol of Armenia. The first
recorded ascent was performed in 1859 by Friedrich
Parrot and Khachatur Abovian (Parrot, 1859).

The ice cap is well known since medieval times
(Berlitz, 1987), but preliminary descriptions on glaciers
and glaciation were only published in the 1850s (Abich,

1847; Parrot, 1859). In the 1950s, Imhof (1956) and
Blumenthal (1958) published quite detailed descrip-
tions of the volcano; in spite of this general interest,
few geological studies have since been undertaken
(Karakhanian et al., 2002; Notsu, Fujitani, Ui, Matsuda,
& Ercan, 1995; Simkin & Siebert, 1994; Yilmaz, Giiner,
& Saroglu, 1998). The recent availability of satellite
images has permitted detailed descriptions of the
ice cap and the reconstruction of its recent and past
evolution (Ciner, 2004; Kurter & Sungur, 1980; Kurter
1991; Sarikaya, 2012; Sarikaya, Ciner, & Zreda, 2011;
Yavasli, Tucker, & Melocik, 2015). Notwithstanding
the economic, tourist, and cultural value of the region,
to the best of our knowledge, no previous detailed field
glaciological and geomorphological investigations have
been conducted and high-resolution identification and
description of the ice bodies are not available. For this
reason, the main purposes of this work are (i) to pro-
duce the first 1:20,000 geomorphological map of the
summit area of Mount Ararat (about 200 km?), giving
particular emphasis to the glacial and periglacial land-
forms and (ii) to accomplish a high-resolution survey
of the glaciers located here.

2, Study site

Mount Ararat is a polygenetic, compound volcano
(massif). It consists of about 1150 km’> of mainly
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Figure 1. The Ararat/Agri Dagi volcanic complex consists of two distinct peaks: on the left, the Buyuk Agr (Greater Ararat, 5137 m
a.s.l); on the right, the Kucuk Agri (Lesser Ararat, 3896 m a.s.l.) (picture courtesy of R. Avanzinelli, 2014).

basaltic, andesitic, and dacitic lavas, and of minor daci-
tic and rhyolitic pyroclastic debris (Yilmaz et al., 1998),
is the largest volcanic edifice within the region. It con-
sists of two major volcanic cones: while Little Ararat is
a steep, conical stratovolcano, Greater Ararat shows a
more complex shape, derived from the building and
partial destruction of a compound edifice studded by
a series of basaltic andesite to andesite cinder cones
and dacite lava domes (Simkin & Siebert, 1994).

The two volcanoes are the surface expression of the
intense magmatic activity of the collisional area of the
Eastern Anatolia Accretionary Complex (Keskin,
2003). The structural setting of the volcano has not
been fully described. Dewey, Hempton, Kidd, Saroglu,
and Sengor (1986) and Kocyigit, Yilmaz, Adamia, and
Kuloshvili (2001) suggested that the Mount lies in a
complex pull-apart graben related to a dextral, NW—
SE system of strike-slip faults. In a more recent
study, Karakhanian et al.,, (2002) suggested that the
massif is located along the NW flank of a large pull-
apart basin. Conversely, Yilmaz et al. (1998) proposed
that the Ararat/Agri Dagi volcano is developing along
an extension zone formed between two en echelon seg-
ments of a sinistral strike-slip fault system. Numerous
parasitic cones and lava domes have been built by flank
eruptions along a horsetail splay fault system cutting
through the two main edifices, (Karakhanian et al.,
2002), with most of these peripheral vents being dis-
tributed on the southern flanks of Greater Ararat.

The period of the last activity phase is not comple-
tely clear. Volcanic activity is documented for the
Late Pleistocene (Notsu et al., 1995); in particular, the
dating of the youngest lavas gives an age of ca. 20,000
years BP (Yilmaz et al, 1998). A more recent phase
of activity dates back to the 5th millennium BP (Simkin
& Siebert, 1994; Karakhanian et al., 2002). Finally, a
phreatic explosion associated with the possible gener-
ation of a pyroclastic flow (or a landslide-generated
debris flow) occurred in 1840 from a radial fissure on
the upper north flank of Mount Ararat, (Ahora
Gorge; Karakhanian et al., 2002) possibly associated
with a regional earthquake of magnitude 7.4 that

caused severe damage and numerous casualties. Up
to 10,000 people in the Mount Ararat region died in
the earthquake, including 1900 villagers in the village
of Akory who were killed by a gigantic landslide and
subsequent debris flow (see Haroutiunian, 2005;
Karakhanian et al., 2002, 2004).

Yilmaz et al. (1998) produced the first simplified
geological map of the area, recognizing four major
stages of the volcanic evolution: a pre-cone phase, a
cone-building phase, a climatic phase, and a flank
eruption phase. The first period was characterized by
the extrusion of a few basaltic lava flows and by a series
of large pyroclastic eruptions, erupted from NNW-SSE
trending extensional fissures. In the second stage, vol-
canic activity was concentrated in a smaller area, build-
ing the nucleus of Greater Ararat; in this phase the
activity was characterized by lava and pyroclastic
flows of andesitic and dacitic composition, which
built the basal part of the present edifice. In the climatic
phase, extended flows of andesitic and basaltic lavas
were released both from central vents and from fissures
along the flanks of the volcano, building the present
peak of Greater Ararat above the pre-existing volcanic
pile. The cone of Little Ararat possibly started to grow
during this phase. In the last stage of evolution, a num-
ber of parasitic cones, domes and eruptive fractures
developed on the flanks of Mount Ararat possibly
along the N-S-trending horsetail splay fault system
described by Karakhanian et al., (2002). The field sur-
vey generally confirmed the predominance of effusive
products (lava flows, lava coulees) and associated struc-
tures over pyroclastic products. The general rubbly
appearance of the volcanic deposits is in fact mainly
related to the blocky nature of the surface morphology
of the main lava flows, characterized by surfaces com-
pletely covered by decimetric to metric, poorly vesicu-
lar blocks, and by extended, sometimes dozens of
meters thick, clastic lateral and frontal levees.

The climate of this area is semi-arid; it is greatly
influenced by the continental effect of the Anatolian
plateau and it shows a great variability of temperature
and rainfall regimes throughout the year. The average
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annual precipitation (1970-2006) at Dogubeyazit
(20 km southwest of the study area, 1725 m a.s.l.) is
326 mm (Sarikaya, 2012), although the actual precipi-
tation amount in the area is probably slightly higher,
due to the orographic effect. The mean annual air
temperature at Dogubeyazit is ca. 9°C, with a summer
average of 21°C and a winter average around —3.5°C
(Sarikaya, 2012). The assessment of long-term (1970-
2009) climate trends in the region reveal a general
increase in measured air temperatures over the last
three decades, but no significant change in precipi-
tation (Sarikaya, 2012).

3. Previous geomorphological and
glaciological studies

Very few field data on the glaciation of Mount Ararat/
Agri Dagi are available. The first studies about local
glaciers were reported by Imhof (1956) and
Blumenthal (1958). These authors observed that there
were 11 outlet glaciers emerging from a summit ice
cap that covered about 10 km? these results are in
accordance with the findings of Hughes (2014). At
that time, it was found that the present glaciers on
the summit of Ararat extended as low as 3900 and
4200 m a.sl. on the north and south-facing slopes,
respectively. A more detailed quantification of the gla-
cierized area was proposed by Kurter (1991) on the
basis of Landsat satellite imagery interpretation. More-
over, Sarikaya (2012) and Sarikaya and Tekeli (2014),
in the remote-sensing-based inventory of Turkish gla-
ciers, analyzed the recession of the Mount Ararat/Agri
Dagi’s ice cap, highlighting that the total surface area
has diminished from 7.98 +0.80 km” in 1976 to 5.66
+0.57 km® in 2011. These values are in agreement
with data discussed by Yavasli et al. (2015).
Regarding glacial and periglacial landforms, the only
available study is that of Blumenthal (1958), reported
by Ciner (2004), who estimated a Pleistocene snow
line at ca. 3000 m a.s.l; this would result in an ice
cap of ca. 100 km?. However, this author did not report
any clear evidence of glacial deposits along the flanks of
the volcano, due to the absence of confining ridges to
control glaciers, an insufficient debris load of the ice
tongues to build moraine, and burial of glacial land-
forms under subsequent basalt flows. Only Birman
(1968) reported the observation of possible glacial
deposits at an altitude of ca. 300 m below the 1958 gla-
cier snout. He found two moraines, derived from valley
glaciers of Pleistocene (possibly last glacial maximum
(LGM) in age) down-valley from Lake Balik Golu.
The higher moraine was found at an altitude of about
2200 m a.s.l. and the lower one at about 1800 m. The
lower moraine occurs about 15 km downstream from
Lake Balik Golu. Both moraines are about 30 m high
(Birman, 1968). If we take into consideration evidence
of local and regional glacial advances in the Pleistocene,

few studies describe the extent of glaciers on the Mount
Ararat/Agri Dagi. Ciner (2004), Sarikaya et al. (2011),
Sarikaya and Ciner (2014), and Akgar et al. (2015)
reported evidence for wide Pleistocene glaciations in
the Taurus Mountains, on the northern-facing slopes
of the Eastern Black Sea Mountains, on the Mounts
Erciyes and Stiphan, and on Mount Ararat/Agri Dagi;
for the LGM they identified a mean snow line altitude
at ca. 2500 m a.s.l. in each locality, a part of the Mount
Ararat/Agri Dagi, where it is located at ca. 3000 m a.s.L.
No data on glacier extent is available for the cold
phases preceding the LGM; this fact is in marked con-
trast with evidence from other Mediterranean regions
(Greece, the Balkans, central and southern Italy, Iberia,
and the Atlas). Hughes and Woodard (2016) inter-
preted this as consequence of drier climatic conditions
in the Mid-Pleistocene cold stages than in the LGM,
possibly related to an inability of the westerly sourced
depressions to penetrate with significant effects into
the far eastern Mediterranean.

4. Methods

To map the main geomorphological features of Mount
Ararat/Agri Dagi, we coupled remote-sensing investi-
gations with field observations, these latter performed
as part of the Ararat 2014 Expedition, coordinated by
the Scientific Committee of the Italian Alpine Club
(CAI). In this paper, we have mostly considered the gla-
cial and periglacial, water-related, and gravitative land-
forms. Concerning the volcanic landscape, we have
considered only the main features, as complete geomor-
phological mapping of the volcano would require an
extensive and detailed field survey and radiometric dat-
ing and petrographic characterization of each lava flow.
Consequently, we have classified the bedrock as undif-
ferentiated basalt flow, and performed a more detailed
description of the other geomorphological units.
Exceptions to this are some volcanic units characterized
by the presence of poorly eroded, clear, prominent
morphologies associated with lava flows (block lava
flow, lava coulees, and marginal levees) and to lava
emission (domes, scoria cones, and emission vents)
mainly distributed on the southern flanks of Greater
Ararat. The field survey of landscape features was not
possible on the North Eastern flank of the volcano
(i.e. along the Ahora Gorge, near the Armenian bound-
ary) due to governmental restrictions to this area (for
further details on the area surveyed, see Figure 2).
The map has been prepared at 1:20,000 scale, in order
to include the whole area of Greater Ararat, ranging
from ca. 2000 m a.s.l. to the summit (5137 m a.s.l.).
As commonly attested in arid and semi-arid regions
(Zerboni, Perego, & Cremaschi, 2015), due to the
almost complete absence of arboreal vegetation and
with a scarce herbaceous coverage restricted to lower
elevations, the morphological features can be



Figure 2. Satellite imagery (Google Earth™) of the Mount Ara-
rat/Agri Dagi, indicating the area directly surveyed in the field.
The shadowed area was not investigated due to the restricted
access policy operated by the Turkish government.

investigated using satellite images in the visible spec-
trum. High-resolution images are the most suitable
for recognizing and mapping geomorphological units:
we chose to detect landforms on PLEIADES (spatial
resolution: 0.5m), SPOT 7 (1.5m), and Google
Earth™ (~2 m) imagery. Our geomorphological ana-
lyses also took advantage of the use of digital elevation
models (DEMs), which allowed better evaluation of
both complexity and geometry of the landscape and
the computation of 100 m spaced contour lines (verti-
cal interval). We used ASTER Global DEM (30 m
spatial resolution) for a general analysis of the area
and a SPOT7 DEM (3 m spatial resolution) for detailed
analysis of the glacierized areas.

To assess the potential error affecting the mapping
of glacier limits, we applied the method developed by
Vogtle and Schilling (1999) and recently proposed,
among the others, for Alpine (Diolaiuti, Bocchiola,
D’Agata, & Smiraglia, 2012; Diolaiuti, Bocchiola,
Vagliasindi, D’Agata, & Smiraglia, 2012; Smiraglia
et al, 2015) and Karakoram glaciers (Minora et al,,
2016). The area precision for each glacier was evaluated
by buffering the glacier perimeter using an area of
uncertainty as half the resolution of the image pixel
(in our case ca. 2 m). The precision of the whole glacier
coverage was assessed by taking the root of the squared
sum of all the buffer areas. Thanks to the high resol-
ution of satellite imagery and accurate manual map-
ping, glacier area data featured an error <+1%.
Exceptions occur in the case of debris-covered glaciers
(Kirkbride, 2011; Smiraglia & Diolaiuti, 2011). The
presence of supraglacial debris, in fact, makes glacier
mapping more difficult and increases uncertainty in
detecting and mapping glacier limits. In such con-
ditions, the calculated data featured an error <+10%
(Smiraglia et al., 2015). To reduce the error, we also
considered the glacier outlines acquired by differential
global positioning system devices in the field during the
2014 mission.
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The toponyms applied in this paper and on the map
are those commonly used by the people living in the
region and are derived from their local tradition;
some other terms were reported in Blumenthal
(1958) to identify some areas. Unfortunately, an official
topographic map of the region is not available. The
legend adopted on the geomorphological map mostly
relies on the guidelines proposed by the Italian
Environmental Agency (Brancaccio et al, 1994;
D’Orefice & Graciotti, 2015), but some changes have
been added to solve graphical problems and those
related to the chosen scale.

5. Geomorphological units

5.1. Glacial and periglacial landforms and
deposits

The main geomorphological features we investigated
on Mount Ararat/Agri Dagi are the glacial and perigla-
cial forms and deposits (see the Main Map). The gla-
cierized area at the summit of the volcano (Figure 3)
can be classified as an ice cap (Williams & Ferrigno,
1991); however, we identified four main ice bodies
flowing downward from the summit plateau. One of
these is a debris-free double-tongued glacier (no local
name is available), located on the Western flank of
the volcano. The other three ice bodies correspond to
the Parrot Glacier, on the Northeast flank, the Cehem-
men Glacier, which flows in Ahora Gorge along the
Northeastern flank of the mountain, and the Parachute
Glacier (name suggested by a local guide) on the South-
west side of the mountain, near to the main climbing
path (Figures 4 and 5). These glaciers are characterized
by a thick (i.e. from our field investigations >20 cm)
debris cover, which strongly influences surface melting
and ice body evolution (Azzoni et al., 2016; Diolaiuti,
D’ Agata, Meazza, Zanutta, & Smiraglia, 2009; Ostrem,
1959). Moreover, this thick supraglacial debris cover
has historically prevented accurate mapping of the

Figure 3. The summit ice cap of the Buyuk Agr from the Wes-
tern Plateau. The glacier ice, during the field campaign, was
covered by fresh snow and firn.
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Figure 4. (a) Parachute Glacier, located near the ascent route
of the peak and (b) the terminus of Parrot Glacier. In both deb-
ris-covered glaciers the debris thickness is more than 1 m and
prevents the surface glacial ice melting.

glacier boundary; in fact, without a field survey, on
medium-resolution satellite imagery it is very difficult

Figure 5. The upper basin of Parrot Glacier presents bare ice
and a debris-covered tongue. Lateral moraine ridges are clearly
visible at both sides of the glacier (indicated by the arrows).

to detect the exact limits of the debris-covered tongues
with respect to the rock debris nearby. Our field sur-
veys performed in 2014 have allowed us, for the first
time, to detect and map the actual debris-covered gla-
cier snouts. Coupling remote-sensing investigations
(mainly based on 2010 Google Earth™ data) with
2014 field surveys we estimated a glacier coverage of
ca. 7.28 +£0.03 km? including 1.82 +0.01 km* of deb-
ris-covered ice surface. By comparing this value with
the one reported by previous authors who studied
these glaciers from satellite imagery only (i.e. Sarikaya,
2012; Yavagsli et al.,, 2015) we found their data was
affected by general underestimation; in fact, these
authors reported a glacier surface of ca. 5.66+
0.57 km? in 2011, and this smaller value can be due
to the incomplete detection of debris-covered ice
sectors.

As evident on the Main Map, the summit ice cap
consists of two separated flat areas, the Western Pla-
teau, located under the summit at about 4700 m a.s.l.,
and the Heyelani Plateau, located on the Northern
side of the glacierized area at 4300 m a.s.l. The ice
cap features a regular topography, without wide cre-
vassed areas; in fact, crevasses are mainly located in
areas that are at the junction between the ice cap and
the four glacier tongues.

During our field surveys (18-28 July 2014), the gla-
cier ice at elevations higher than 4200 m a.s.l. was
observed to be covered by firn and fresh snow. The
snow depth ranged from 5 to 10 cm near the Agri
Dagi summit up to 100 cm on the Western Plateau.
The pattern of snow coverage is be driven by wind
fluxes that are mainly SW-oriented in the winter sea-
son and N-NE-oriented in summer (Sarikaya &
Ciner, 2014). Analyzing the satellite images collected
about one month later (PLEIADES acquired on the
12th August 2014) we observed the largest part of the
glacier ice being snow free, thus suggesting that intense
snow melting occurred after our field surveys. A non-
negligible coverage of dust and fine debris is visible
on the glacier ice from the satellite imagery, thus
impacting on the surface albedo. Moreover, supragla-
cial sparse dust and fine debris strongly influences
(i.e. increases) the ice melting rate (Azzoni et al,
2016). The snow line showed an irregular geometry
mainly due to the strong wind effects. The resulting
snowfields were mainly located in depressions and cav-
ities and newly deglaciated valleys. Their occurrence
and persistence during the ablation season mostly
depends on snowfall intensity and summer air temp-
erature. The analysis of several satellite images also
revealed the presence of snow fields in the warmest
months, so suggesting their classification as semi-per-
manent (Figure 6).

The analyses of high-resolution satellite imagery
allowed the detection of an ice-related landform
located along the Ahora Gorge, defined as the
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Figure 6. The snowfields of the mountain are classified as
semi-permanent, due to their discontinuous presence during
the summer season. For instance, we may consider the situ-
ation of this snowfield in (a) summer 2010 as from Google
Earth™ satellite images, and its evolution at (b) the end of
the 2014 ablation period (PLEIADES satellite imagery).

Cehennem Glacier. The origin of Ahora Gorge, a very
deep valley, is not completely clear; on the one hand,
Karakhanian et al. (2002) suggest it derived from a
phreatic explosion, which occurred on 2 July 1840.
On the other hand, local tradition reports this eruption
triggered a large landslide, which formed Ahora Gorge.
Following these hypotheses, we may infer that after
these catastrophic events, a glacier tongue advanced
from the ice cap along Ahora Gorge. Moreover, poss-
ibly due to ongoing climate warming, the terminus
area is now going to split from the ice cap, forming a
long debris-covered body of dead-ice. The Cehennem
Glacier along Ahora Gorge reaches the lowest elevation
of ca. 2000 m a.s.l. In spite of the actual reduction phase
experienced by the Ararat glaciation (Sarikaya, 2012),
numerous crevasses are located in the upper part of
the Parrot Glacier, Cehennem Glacier, and Parachute
Glacier tongues, where the steep flanks of the volcano
are connected with its summit; this fact suggests the
occurrence of dynamic glacial processes.

The field survey also permitted detection of the
main moraine ridges along the flanks of the volcanic
complex: their recognition is not always easy due to
the intense slope and fluvial processes, which greatly
contributed to shape the original morphology and dis-
mantling glacial deposits (Pelfini & Bollati, 2014). No
dating is available for these moraines, but their altitude
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Figure 7. PLEIADES satellite imagery of a lateral moraine of
one of the unnamed ice flows along the flank of Mount Ara-
rat/Agri Dagdi. The inner flanks of the moraine are cut by a gla-
cial stream (white arrow).

(i.e. 3400-3800 m a.s.l.) and position is compatible
with the Little Ice Age. In fact, Birman (1968) identified
some deposits that he dated back to this phase. As sta-
ted above, in many cases the moraine ridges are
strongly eroded by active slope and fluvial processes,
which has led to the complete collapse of some ridges.
This has occurred mostly with frontal moraine systems,
but occasionally involves lateral moraines (Figure 7).
On the basis of the topographic relief and the analysis
of moraine locations, we detected evidence for at least
eight main ice bodies that flowed along the Ararat/Agri
Dagi Mount flanks, presumably during the Little Ice
Age. At present, only four glaciers flow down-valley
from the ice cap.

5.2. Gravitative forms and deposits

Slope processes driven by gravity are active along the
flanks of Mount Ararat/Agri Dagi, in particular in
the Ahora Gorge area (see the Main Map). This is
mainly due to the steepness of the volcano slopes, the
irregular precipitation regime, the possible contri-
bution of snow avalanches, and the instability of the
unconsolidated blocky lava flows. These features are
described as active slopes and, to better discriminate
these areas, the principal escarpment edges are also
reported. The discrimination between active debris
cones and active debris flow fans is not possible due
to the lack of direct field analysis: for this reason,
these two features are represented in the same category.
Moreover, stabilized slopes are limited due to the scar-
city of vegetation that helps in fixing the unconsoli-
dated substratum.

5.3. Water-related landforms and deposits

The hydrographic network of Mount Ararat/Agri Dagi
shows a radial pattern according to the stratovolcano
shape and geometry. The main streams are restricted
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to lower elevations, whereas ephemeral fluvial traces
are numerous at higher elevations. According to the
field survey, we observed that the majority of the
streams feature a sporadic regime and are mainly fed
by ice and snow melt. These streams alternate between
temporary drought phases during cold periods and
increased discharge during the ablation season; more-
over, even during the night, streams showed decreased
loads. Due to the permeability of the bedrock, some
streams are ephemeral and the running waters infiltrate
into the blocky bedrock. Fluvial activity is more evident
at lower elevations (between ca. 3000 and 3500 m
a.sl), where more gentle slopes are present and
decreased water turbulence forms braided streams.
Nevertheless, some active fluvial cuts, with metric-
depth gullies, are present outside the area represented,
where the lithology of the substratum passes from lava
flows to more erodible pyroclastic deposits.

6. Conclusion

Our first overview on the main geomorphological fea-
tures of Mount Ararat/Agri Dagi highlights that most
of the geomorphological processes shaping the landscape
are still active. At the highest elevation (i.e. >4000 m
a.sl.) ice-related processes prevail; this zone features
wide glacier coverage and a large recently deglaciated
area. At middle elevations (from 3000 to 4000 m a.s.l.),
gravitational processes (mass wasting) and running
water become the most important and evident shaping
processes, whereas at the lowest elevations (<3000 m
a.s.l.) water-related processes (mainly due to channelized
water) act as the principal role in shaping the landscape.

Well-preserved morphologies related to volcanic
activity are present particularly in the southern sector
of the mapped area, possibly rejuvenated by the activity
along a secondary fault system (horsetail splay fault
system) during the final phase of activity of the volca-
nic massif.

The map presented here also highlights the impor-
tance of glaciers and ice bodies in shaping the landscape
at low latitudes and in a semi-arid system. Coupling
remote-sensing investigations with field survey we
were able to measure a total glacier coverage of ca.
7.28 +0.03km’, including 1.82+0.01 km* of debris-
covered ice surface. Comparing our measurements
with those reported by previous authors, mapped solely
on the basis of satellite imagery (Sarikaya, 2012; Yavasli
et al,, 2015), we note that they have underestimated the
true extent of glacial coverage of the volcano. Their esti-
mation of ca. 5.66 + 0.57 km? (in 2011) possibly suffered
the incomplete detection of debris-covered ice sectors.

In summary, this work presents the first geomorpho-
logical map of Mount Ararat/Agri Dagi and reports the
first detailed quantification of the present glaciation,
which relies on both field and satellite analyses. More-
over, we also provide the first description of three,

previously unknown, debris-covered glaciers located in
this area, which cover 25% of the total ice surface.

Software

Esri ArcGIS 8.3 was used to produce the geomorpholo-
gical map of Mount Ararat (and specifically the
remote-sensing analysis), development and production
of the DEM, drafting of the geomorphological units,
and final map layout. Google Earth™ was used for
further ground controls of the limits between geomor-
phological units.
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