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Abstract: - Târnava Mică Hills Landslides Spatial Distribution Analysis Using GIS. Landslides represent an 
extremely frequent geomorphological phenomenon in the Transylvanian Basin, but also in Târnava Mică Hills. 
In this paper, we analysed the distribution of the landslides based on spatial statistics techniques and GIS. 
In order to analyse the distribution of the landslides we took into consideration 5 criteria: geology, height, 
slope, exposition and the territorial administrative units. This type of study is necessary to find out the way 
in which the actual landslides are distributed and on the other hand, the research will collect information on 
the susceptible fields which are favoured by these geomorphological processes. As a result of the aerial photo 
analysis (1:5000), 3191 landslides were identified and vectorized. At the level of administrative-territorial 
units, these cover mostly agricultural land areas. Taking into consideration the lithological conditions (the 
presence of friable rocks, marl, clay and poorly cemented sands) and the land use (mostly agricultural) it can 
be said that in the future new landslides will occur in the same slope, exposition and geological characteristics, 
etc.  In these conditions, the identification of the susceptible areas to the landslides is beneficial for the future 
territorial planning actions and also to avoid building on areas which are prone to landslides. 
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1. Introduction
One of the main geomorphological processes 

from the Transylvanian Basin is represented by 
landslides. Within its regional subunits, known as 
Târnava Mică Hills, with a surface of 298222 ha, 
we identified 3191 landslides (19803 ha). These 
are, on one side, the consequence of the geology 
and on the other side, the effect of the anthropic 
land use. From a lithological perspective, one can 
observe the presence of the friable rocks as marl, 
clay and poorly cemented sands etc., these are 
the sedimentation result of the eroded materials 
from Carpathian Mountains which separated the 
Transylvanian Basin. Only in some parts, like 
in the North-Western side of the Basin, we can 
also find rocks more resistant to erosion such as 
limestone, tufa and sandstone. (Sanders et al., 
2002; Krezsek and Filipescu 2005; Krezsek and 
Bally, 2006). Also in this context it should be 
noted that even if it is a sedimentary tabular area, 

it has a hilly morphology, because of the fluvial 
remodelling of the mentioned sediments. 

We must also consider the land use and the 
role of the anthropic factors which were decisive 
in the triggering of these geomorphological 
processes. And this, given that, before the 
anthropic intervention, over 90% of these areas 
were woods. Nowadays, the value is under 15% 
(Rusu, et al., 2014). The forests, which had also 
a landslide retaining role, was initially taken by 
the grasslands (they were used as a meadows), 
and afterwards, as mechanization took over 
agriculture these were transformed mostly in 
arable lands. 

Amid these changes of land use and 
considering also the friable lithology, landslides 
type geomorphological processes did not take 
long to occur (Roşian et al., 2010).

 Thus, the landslide distribution statistical 
analysis of the Târnava Mică Hills proves to be 
extremely useful given the fact that the causes 
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and trigger factors of these geomorphological 
processes are still the same nowadays. Therefore, 
we present the current distribution of landslide as 
well as data about possible areas that in the future 
might be affected by such processes.

2. Methods and resources
 A GIS spatial analysis methodology was 

used in order to identify the landslide distribution 
within Târnava Mică Hills based on five 
criteria (geology, altitude, slope, exposure and 
territorial-administrative divisions) taking into 
consideration also the field observations.

 Landslide identification was made using 
1:5000 orthophotos, based on which, using 
a GIS software (ArcMap 10.22), landslides 
were vectorised using its Editor function. 
Also, field observations were made and where 
landslide delimitation was not possible by using 
ortophotoplans, the GPS (Global Positioning 
System) method was applied; the information 
from field observations were then downloaded 

and introduced into a GIS software in order for 
them to be processed.

 Subsequently, based on the classes of 
each criterion, (geological age, altitude intervals, 
slope values, exposure type etc.) the landslides 

were analysed to identify their distribution and 
extension. For this purpose, we identified the areas 
exposed to landslides by using Esri’s ArcGIS 
toolbox Spatial Analyst tools/Zonal/Tabulate 
Area tool which computes the areas for each 
class defined by the analysis, it uses the classes 
as defined zones and computes the area which 
is affected by the studied phenomena. We also 
analysed the number of slides in each class, this 
was accomplished by identifying the gravitational 
point of every vectorised landslide polygon.

3. Results and discussion
 As a result of vectorising the landslides for 

Târnava Mică Hills using orthophotos and field 
investigations, we identified 3191 landslides. 

Fig. 1. Localization of the study area
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Taking into account that the surface of regional 
division is of 298222 ha, it results that 6.64% 
of the surface is affected by landslides. From 
the landslide distribution perspective, based on 
the five criteria taken into consideration, the 
following results were obtained:

 By taking into consideration the Geology, 
Badenian (marl clay, sand, tufa) Sarmatian 
deposits (marl, sand and sand marl) and 
Pannonian deposits (clay, sand, poorly cemented 
sandstone) prevail along with the Quaternary 

deposits (Pleistocene and Holocene). As it results 
from Figure 2 and Table 1, landslides mostly take 
place on the Pannonian surfaces.

In order to observe landslide distribution 
from an altitude perspective, five altitude classes  
were chosen: 223 - 300 m, 300 – 400 m, 400 – 
500 m, 500 – 600 m and 600 – 680 m [Fig. 3]. As 
it results from Table 2, most of landslides belong 
to the 300 – 400 m altitude class and the highest 
areal extent is also specific to the 300 – 400 m 
class.

Fig. 2. Geological map

Geological deposits Landslide number Landslide surface (ha) Percentage (%)
Holocen 181 710 3

Pleistocen 16 73 1
Pannonian 2288 15069 76
Sarmatian 704 3867 19
Badenian 2 84 1
   Total 3191 19803 100

Table 1. Landslide distribution based on geological deposits
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Another indicator taken into consideration 
regarding the landslide distribution is the slope. 
Starting from the previous slope classifications 
classes from literature for the Târnava Mică Hills 
we chose seven categories: 0 – 2o, 2 – 5o, 5 – 7o, 

7 – 12o, 12 – 17o, 17 – 22o and 22 – 45o [Fig. 4]. 
As one can observe on Table 3, most landslides 
belong to the 7 – 12o slope class and the largest 
affected surface is specific to the same interval.

Fig. 3. The map of altitude range

Altitude range (m) Landslide number Landslide surface (ha) Percentage (%)
223 - 300 133 861 4
300 - 400 1669 10481 53
400 – 500 1311 8268 41
500 – 600 77 186 1
600 – 680 1 7 1

Total 3191 19803 100

Table 2. Landslide distribution based on altitude range

Slope category (o) Landslide number Landslide surface (ha) Percentage (%)
0 - 2 0 0 0
2 - 5 87 2527 13
5 - 7 226 3302 17

7 – 12 1230 9345 47
12 - 17 1034 3668 18
17 - 22 465 775 4
22 – 45 149 186 1

Total 3191 19803 100

Table 3. Landslide distribution based on slope categories
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  The following criterion taken into 
consideration, regarding landslide distribution 
is represented by the landform orientation 
towards the sun, mentioned in the scientific 
literature as aspect [Fig. 5]. The slope orientation 
decisively determines the heat condition and 
the soil humidity, it influences the freezing and 
melting processes, superficial deposits type and 
mature, which on the slopes leads to qualitative 
differences in the ongoing erosion processes 

(Jakab, 1979). In Table 4, it can be noticed that 
the surfaces that have a south-western exposure 
are affected most of landslides. Also, from an 
extent perspective, the highest values are specific 
to western exposure. This means that on the 
southern - western slopes are more landslides 
but they have smaller surfaces compared to those 
with a western exposure (less numerically, but 
have larger surfaces).

Fig. 4. Slope map

Fig. 5. Landform exposure map
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 In regards to landslide distribution we took 
in consideration also the administrative- territorial 
units, for the Târnava Mică Hills. We considered 
this subdivision because al territorial planning and 
future interventions, with national or international 
budgets, are limited by the administrative hierarchy 
and so it represents a must in the present situation 

landslide and erosion analysis and statistics. So, 
the following situation unfolded: there are 74 
administrative-territorial units of which 72 are 
affected by landslides. The situation of the ten 
most affected territorial-administrative divisions 
from the landslide extent and number perspective 
is shown in the table 5 and 6. 

Exposure 
towards the sun

Exposure towards 
Compass Directions

Landslide 
number

Landslide 
surfaces (ha)

Percentaje (%)

Sunny
South 517 3353 17

South-West 699 3590 18

Partial sunny
South-East 441 2821 14

West 647 4035 20

Shady
North 149 928 5

North-East 135 919 5

Partial shady
East 246 1996 10

North-West 357 2161 11
Flat (unexposed) 0 0 0

Total 3191 19803 100

Table 4. Landslide distribution based on exposure

Name Studied territory 
surface (ha)

Landslide 
surface (ha)

Percentage of the 
affected surface (%)

Number of 
landslide

Şona 10566 2673 25 112
Fărău 7984 1334 17 140
Jidvei 10495 1168 11 69

Adămuş 8115 1119 14 112
Bichis 4659 943 20 65
Aţintiş 4791 707 15 60

Gorneşti 5621 699 12 11
Iernut 4085 657 16 18

Târnăveni 6094 637 10 89
Suplac 4842 533 11 35

Table 5. Landslide distribution at the administrative-territorial units level by the affected surface

Denumirea Suprafaţa din 
teritoriul studiat (ha)

Număr 
alunecări

Suprafaţă 
alunecări (ha)

Pondere suprafaţă 
afectată (%)

Sâncel 5171 166 354 7
Alma 3423 163 111 3

Micăsasa 3777 141 352 9
Fărău 7984 140 1334 17

Lopadea Nouă 9226 133 396 4
Adămuş 8115 112 1119 14

Şona 10566 112 2673 25
Dârlos 3594 108 134 4
Bahnea 9160 104 291 3

Valea Lungă 6650 99 143 2

Table 6. Administrative-territorial units landslide distribution by landslide number 
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Based on land use, the most affected 
categories of terrain are represented by 
agricultural land. For instance, for the Șona 
administrative division (one of the most affected 
by landslide), 15% arable land, 15% grassland, 
60% pastures and 1% vineyards is affected by 
landslide from the total of 27% of agricultural 
land areas (Rusu et al., 2014).

4. Conclusions
In regards to landslide type, in most of the 

cases these processes are of a superficial and 
of medium depth (Varnes, 1978). Their large 
number is tightly bounded with land use and the 
geological characteristics. They are Miocene 
age formations that belong to Sarmatian and 
Pannonian era. For Saramtian, marls, sands 
and sandy marls are characteristic and for the 
Pannonian clays, sands and poorly cemented grit 
stones. These clays have in their composition 
montmorillonite, illite and beidellite minerals 
which can retain water. Taking into consideration 
that there is a hilly area made of the above 
mentioned rocks, the susceptibility to landslides 
is high.

Hence, from a spatial distribution analysis 
perspective, the conclusions that can be drawn 
is that the most affected by landslides are the 
surfaces overlapped with Pannonian deposits, 
those on an altitude interval of 300-400 m and 
those which have a slope angle of 7 – 12o but 
also those with a Western exposure. 

At the administrative-territorial unit level 
the most affected communes are: Şona, Fărău, 
Jidvei, Adămuş, Bichiş, Aţintiş, Gorneşti, Iernut, 
Târnăveni, Suplac etc. This is caused by the fact 
that within these communes prevail Pannonian 
deposits, an altitude ranges betwee 300 and 400 
m, slopes have an 7 – 12o angle inclination and 
the Western slope exposure is characteristic.

 This situation commends actions against 
landslide processes within the Târnava Mică 
Hills area. Along with the combative measures, 
preventing measures are also necessary 
considering the lands susceptibility to landslides. 
In this sense, we recommend significant changes 
in the used agro-techniques.

Taking into consideration the high number 
and the significant areal extent of landslides in 
the Transylvanian Basin, we consider that it 
is necessary to continue this type of statistical 
analysis on other regional subunits of the 
Transylvanian Basin’s Area. (Transylvanian 
Plain, Secaşelor Plateau, Hârtibaciului Plateau, 
Someşan Plateau etc.).
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