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Abstract. This paper is focused on the results of the application of 2D electrical resistivity 
tomography (ERT) on glacial deposits from Bâlea-Valea Doamnei area (Făgăraş Mts.). In 
the application of ERT techniques different design, dipole-dipole, Wenner and Wenner-
Schlumberger.was used. Starting of this designs we can know and interpret the structure of 
glacial and post-glacial deposits from postglacial in-filled glacial depressions and, very 
important thing, the depth and configuration of the surface contact with bedrock. In all 
cases, the mottled aspect of all apparent resistivity profiles is a expression of 
heteregeneousity of deposits and, on the other hand, reveals typical structures, some of 
them connected with glacitectonic processes and deformations. The obtained results offer a 
set of informations about internal architecture of glacial deposits and a better understanding 
of the morainic formation processes. Also, the geophysical information can be base for a 
realistic models of latero-frontal moraine formation.  
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INTRODUCTION 

The ability to characterize the lithology and geometry of Quaternary 

sediments is important to scientists who investigate paleoenvironmental studies, 
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materials prospecting (e.g., gravel), groundwater movement, geoarchaeology, and, 
in the last years, environmental contamination and remediation (Smith, Sjogren, 
2006). Often these studies are restricted by the limited information attainable via 
traditional geomorphological techniques. It is now that during the last decade the 
use of geophysical techniques has become increasingly important in many 
geomorphological study and for many geomorphologists a new and exciting tool 
(Schrott, Sass, 2007).  

While there are geophysical methods for gaining information about the near-
subsurface, such as ground penetrating radar (GPR) or shallow seismic surveys, 
they only function well under select conditions, electrical resistivity imaging (ERI) 
can quickly produce high-resolution images of the shallow subsurface under many 
field conditions. ERI measurements work well in both resistive sediments, such as 
gravels and sands, as well as conductive sediments like silt and clay.  

Because geolectrical methods are most suitable for investigating the 
subsurface with distinct contrasts in conductivity and resistivity, respectively, 
direct current resistivity sounding constitute one of the traditional geophysical 
methods which has been applied in alpine geomorphology, especial in permafrost 
research. For heterogeneous mountain permafrost environments with complex 
spatial distribution of frozen ground, 2D geophysical methods, in particular 2D 
electrical resistivity imaging, have become increasingly important in recent years 
(Kaab, Kneisel, 2006). 

It is know that the electrical resistivity methods have become very much 
more widely used since the 1970s, due primarily to the availability of computers to 
process and analyse the data (Reynolds, 1997). Unfortunately it comes out that, the 
insufficiency of the application of resitivity methods in glacial deposits 
(Guglielmin et al., 1997; Pant, Reynolds, 2000; Gibas et al., 2005; Smith, Sjogren, 
2006; Kneisel et al., 2007; Kulessa et al., 2007; Turu I Michels et al., 2007). 
Nonetheless, on an optimistic point of view, the existing works are encouraging, 
suggesting that particularly electrical resistivity surveys are well suited for 
identification of tills and reconstruction of internal layering the glacial deposits 
(Kulessa et al., 2007). 

The acquisition in 2007 of a complex geophysical system PASI 
16GS24N, open new possibilities for performant investigations - for first 
time in Romanian geomorphology -, of some landforms and deposits of alpine 
area of Southern Carpathians, more exactly in Retezat, Şurianu and Făgăraş 
Mountains, here in Bâlea-Valea Doamnei-Capra area. To improve our 
understanding of the sub-surface geology of the Bâlea-Valea Doamnei area (Fig. 1) 
- internal structure, the depth and configuration of the surface contact with bedrock 
-, three electrical profiles, transversal and 150 m in length, were carried out (Table 
1).  
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Table 1. Location of DC resisitivity investigations 
 

Postglacial in-filled glacial depression & glacial deposits 
Area Data Altitude 

(m) 
Coordinate Methods 

Căldarea Berbecilor (CB) 03.07.2007 1907 45º36΄33˝ N 
24º37΄07˝ E 

dipole-dipole 
Wenner-Schlumberger 

Valea Doamnei (VD 1) 04.07.2007 1879 45º36΄21˝ N 
24º35΄49˝ E 

dipole-dipole 
Wenner-Schlumberger 

Stadial moraines     
Valea Doamnei (VD 2) 04.07.2007 1903 45º36΄19˝ N 

24º35΄31˝ E 
dipole-dipole 

Wenner-Schlumberger 
 

 
Fig. 1. Geographical location of the Făgăraş Mountains. 
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STUDY AREA 

The Bâlea-Valea Doamnei is situated in the central part of the Făgăraş 
Mountains, on the north slope, and is crossed by Transfăgărăşan highway (Fig. 1). 
The highest point of the area is Vânătoarea lui Buteanu Peak, with 2507 m a.s.l. 
Like in the all highest area of Făgăraş Mountains, the geomorphologic landscape is 
dominated by glacial and periglacial relief. Based on the geomorphologic 
evidences of this glaciated area, the existence of Pleistocene glaciers in the 
Southern Carpathians was first pointed out in the Făgăraş Mountains over 100 
years ago by Paul Lehmann in 1881 and 1885, by some arguments from this area. 

The interfluves consists of typical sharp ridges and pyramidal peaks, part of 
true ,,karling” type, that are found even on the highest area over 2000-2200 m a.s.l 
and make part of two distinct gipfelflur, identified by I. Sârcu (1958). These 
interfluves are separated by the Bâlea and Doamnei glacial cirques and valleys 
which have the specific U-shape, the glacial sector of the Valley Bâlea descended 
down to 1180 m a.s.l, and, respectively, Doamnei to approximately 1220 m a.s.l. 
During the Lolaia Phase (Urdea, 2004) the northern slope was characterized by 
simple valley glaciers, 4-4.5 km long, and modest surfaces, 4 km2 Bâlea glacier and 
3.5 km2 Doamnei glacier.  Most of their walls are very steep, while their floors 
contain numerous glacial rock-bars. Unfortunately, well contoured moraine 
landforms are present only on the upper part of the glacial valley, above 1600 m 
altitude, and in the cirques area, in which the most expressive glacial mezoforms 
are, also, roches moutonnées and overdeepening depressions, occupied by lakes, or 
in other situation, by marsh with postglacial in-filled deposits, like in our 
interesting area, Căldarea Berbecilor and Doamnei Cirque.  

While the major landforms, and the sharp ridges - locally named 
,,muchie’’(edge) – Muchia Buteanului, Muchia Bâlei and Muchia Laiţei, define the 
main features of the alpine landscape, the detailed features are due to the 
periglacial relief – the periglacial processes being still active (Urdea et al.,2004) - , 
which is represented by a large variety of mezo-and microforms. The avalanche 
passageways, the talus cones, scree slopes, protalus rampart, blocks fields, 
solifluction forms, rock rivers and debris flows are very representative in Bâlea –
Doamnei area (Fig. 2). The fossil rock glaciers – debris rock glacier (Văiuga, 
Căldarea Pietroasă a Doamnei) and talus rock glaciers (Bâlea 1, 2) - , a phenomena 
which is associated with the presence of tardiglacial permafrost and present 
sporadic permafrost, completes the alpine specificity (Urdea, 1993, 1997, 1998). 
Especially in the cirques area, the inferior part of rock walls are covered by debris, 
because in postglacial time have been individualized true scree slopes with a 
typical concave longitudinal profile, with a general inclination of  30-35º (Urdea, 
1995, 1997). 

The Căldarea Berbecilor area is a lateral secondary step of Bâlea cirque,  
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dominated by a glacial scarp, situated below Bâlea Lac cirque and Văiuga cirque. 
On the floor of this area appear some stadial morainic ridges, erratics and a glacial 
over-deepening glacial depression with swamping aspect (Fig. 2), filled with 
glacial and post glacial deposits. 

In Valea Doamnei, our interest area is situated on the main step of Doamnei 
cirque, characterized by the presence of an expressive stadial morainic ridges 
complex, with two lakes (Fig. 2, 3). In the the morainic ridges complex, here and 
there appear expressive erratics blocks and some hummocks. This hummocky 
topography is due to the ablation of debris-mantled ice, the linear and/or chaotic 
pattern depending on the distribution of debris in the parent glacier and on the 
debris redistribution and reworking during ice wastage (Benn, Evans, 1998).  

 

 
Fig. 3. Glacial morphologic features of the Lacul Doamnie area.  

Geologically speaking, the Făgăraş Mts. lies in the Supragetic 
lithostratigraphic domain, more exactly in the Făgăraş Subgroup, which is 
represented here by the Şerbota and Suru Formations. The interest area is situated 
in Suru Formation. These formations includes retromorphic paragneisses and 
micaschists and quartz-sericitous schist, whose alternations often include, 
amphibolites, amphibolic schists, amphibolic gneisses, limestones and crystalline 
dolomite bands (Pană, 1990), like in Jgheabul Văros area in the Doamnei valley.  
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METHODOLOGY 

 The Electical Resitivity Tomography (ERT) techniques is based on 
electrical resistivity differences between different subsurface materials, the 
electrical current being injected into the ground via two current electrodes. The 
electrical resistivity of the subsurface is then determined by measuring the electric 
potential between two other electrodes and dividing by the current. From the 
current and voltage values, an apparent resistance value is calculated. Because the 
resistivity (ρ) is dependent on geometry and inhomogenity of underground, 
expressed by equation:  

ρ = 2π ∆V/I • 1/G  
- in which ∆V is the potential diference, I is the current and 2π /G denotes 

the geometric factor of an electrod configuration – the resistivity is designaited as 
the apparent resistivity (Sharma, 1997). On the other words, the apparent 
resistivity is the value obtained as the product of a measured resistance and the 
geometric factor for a given electrodes array (Reynolds, 1997). 

The PASI 16GS24N system, consisted of 32 electrodes with a standard 
spacing of 5 m, was used in the present study. The stainless steel electrodes were 
inserted into the ground, and connected to an imaging cable, at regular spacing 
along a straight line. The cable was connected to the instrument, which was 
programmed by the user to switch between a large number of electrical four-poles. 
Data acquisition was rapid and automated, with the data being initially stored in the 
memory of instrument and later downloaded to a PC once acquisition completed. 

In closing different electrode spacings and locations and applying as 
tomographic inversion scheme, the observed apparent resistivities, using the 
software package RES2DINV (Loke, 1999), can be inverted to yeld a 2-
dimensional specific resistivity model of the subsurface. This software is the most  
commonly used in geosciences and, the principles of operation is based on a step-
wise iteration process which tries to minimize the deviation between the measured 
apparent resistivity and the simulated apparent resistivity values calculated from 
surface model. From these operations we can see different layers, in fact a 
geoelectric units, characterisd by two basic parameters: the layer resistivity and the 
layer thickness (Reynolds, 1997). 

The Res2DIN software allow us to import a multiple range of files 
extensions and after that convert these in data files (.dat). The first step in making 
the ground resistivity profiles is the operation called „bad datum points”, which 
represent the abstraction of those values which are very different towards the 
others. This operation helps us to increase the accuracy of the dataset. Another 
important application which have to be accomplished is to insert the topographical 
data, which were collected from the field using a Suunto Escape 203 altimeter and 
a Garmin 76 CSx GPS. Further it come off the most important phase of processing 
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the dataset, namely the inversion of tha data. This process was made in this 
situation using the least-squares inversion method, which offer more advantages, 
some of them consisting in the possibility to adjust the damping factor and the 
flatness filters, two operations which help you to get better results in processing the 
initial data values. The last part of this task was dedicated to display the „model 
section”, to establish the number of iterations, which are used to reduce the RMS 
error, to choose the chromatic effects, to set the vertical exageration of the 
elevation scale and finally to save the model of the resistivity, like bitmap image 
(bmp.). 

In function of deposits and landforms dipole-dipole, Wenner and Wenner-
Schlumberger arrays was used, with maximum penetration depth of over 27 m, 
each of them applicable for different field situations and reasons (Reynolds, 1997; 
Sharma, 1997; Milmsom, 2003). The dipole-dipole array is favourable for the 
delimitation of spatially confined objects in the shallow subsurface, while Wenner 
configuration, which provides a good vertical resolution, and is less susceptible to 
heterogeneous ground conditions, shows good signal-noise ratio and is favourable 
for the detection of horizontal layers. The Schlumberger array provides particularly 
good resolution for lateral inhomogeneities (Reynolds, 1997; Sharma, 1997; 
Milmsom, 2003). 

RESULTS AND INTERPRETATION 

Because this paper is a pioneer for the Romanian geomorphological 
literature, we consider that it is very important to present the results on both forms, 
by the apparent resistivity tomographic profiles and by inverse model tomographic 
profiles.  

In the tomographic profiles interpretation we must tacking account, of 
course, that the most prominent factors that could generate a decrease in resistivity 
within a given material are increases in moisture content, porosity, cementation of 
grains, conductivity of the waters filling the pores, or sediment clay content 
(Kulesa et al., 2007).Analysing the profiles we can see, first, that all the resistivity 
profiles show, generally, a gradual increase in resistivity with depth and, also, each 
of profiles show varying strength patterns. On the other hand, the mottled aspect of 
all apparent resistivity profiles is expression of the heterogeneity of deposits. 

In the case of Căldarea Berbecilor (CB) area the ERT profiles (Fig. 4), 
especially in the dipole-dipole configuration, show a typical corrugated topography 
of the bedrock – little asymmetric by the influence of the geologic structure -, due 
to glacial erosion. On the middle part of the bedrock, the asymmetric wedge which 
split the glacial floor in two parts is probably a paleo-channel with a strong 
structural influence. The low resistivity values on the upper part of the profiles are 
characteristic for post-glacial filler deposits, a wet mixture of peat, sand and loam, 
with a thickness between 3 and 4.5 m, above a layer with intermediate values of 
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resistivity, well represented on the western part of the profiles. The isolated 
rounded resistivity anomalies, with values around 49711 Ω m, which appear on the 
middle and western part in the profile of dipole –dipole array, are, probably, big 
block buried into morainic material. This reality is expressed also very well in the 
profile on the Wenner-Schlumberger array. Also, ,,the pocket’’ of low resistivity 
values which appear in the western part of the profile is possible to be correlated 
with a paleo-subglacial channel filled with fine and moist sediments. 

 Especially by the inversion model profile we can infer a low layered 
stratification tendency, especially near the contact with bedrock, in fact, 
characteristic for a overlapping of the ablation moraine and ground moraine 
deposits. According to electrical tomography profiles, the thickness of the morainic 
cover varies from 2 to 6 m.  

On the Valea Doamnei area the first profile(VD 1) is oriented from SE to 
NW and was made by a transversal transect from the top of a stadial morainic ridge 
to the inferior part of the slope situated below Jgheabul Văros. In the SE section, in 
which the profile cross the external part of the stadial moraine, the tomographic 
image have, especially on Wenner and Wenner-Schlumberger array, a mottled 
aspect, expression of heterogeneousity of deposits, in fact typical for morainic 
materials, with an amygdaloidic pocket of low resistivity values (Fig. 5). 

The profile cross in the middle part a former lake depression filled with fine 
sediments and, further to the NW extremity, the protalus rampart deposits and scree 
deposits. The presence of a bedrock prominence below the morainic deposits snow 
that the area situated between morainic ridge and the slope is a true over-deepening 
depression, which have an abraded glacial bedrock, with a roche moutonnée in the 
middle part, well visible in the Wenner array profile, with resistivity values 
between 20000 and 40000 Ω m, (Fig. 5), specific for schists (Reynolds, 1997). The 
infilling post glacial sediments of this depression appear on all ERT profiles like 
deposits with low values of resistivity (Fig. 5), represented in middle part by sands, 
clayey sands and loams, confirmed by a borehole of 4 m deep. 

The presence of high resistivity in the middle of slope profile is due to the 
appearance of bedrock of ancient glacial shoulder. In continuation to the slope, to 
Jgheabul Văros, the profile cross a protalus rampart, expressed for their interior 
part on the ERT profile like a low values pocket, well visible on the Wenner and 
Wenner-Schlumberger profiles, near the extremely NW part. 
 In the case of inversion model the profiles show a three layer model with 
relatively smooth lateral variation (Fig. 5). The model gives a clear indication of a 
conductive top layer above two, more and more, resistive layers, to bedrock, - a 
normal gradual increase in resistivity with depth - , with an undulating contact                 
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Fig. 4. Electrical resistivity tomography profile  - apparent resistivity model  
and inversion model-on the Căldarea Berbecilor ( CB). 
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Fig. 5. Electrical resistivity tomography profile  - apparent resistivity model  
and inversion model-on the Valea Doamnei,( VD1). 
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Fig. 6. Electrical resistivity tomography profile  - apparent resistivity model  

and inversion model-on the Valea Doamnei stadial moraine,( VD2). 
 
surface and a thickness of 5-8 m each. 

Because the dipole-dipole array have a good sensitivity for orientation and 
lateral inhomogeneities, the dipole-dipole profile reveal, the presence on the 
bottom and middle part of the section the presence of a slight asymmetric channel, 
partially rounded, filled with a ,,pocket’’ of low resistivity sediments, possible to 
be interpreted a paleo-subglacial channel, filled with fine and moist sediments, like 
in the case of Căldarea Berbecilor. 

 The profile VD 2, on the stadial moraine situated to west of Doamna Lake, 
is a transversal profile on the highest point of the moraine. The both apparent 
resistivity profiles in dipole-dipole and respectively Wenner-Schlumberger array, 
are characterized by a typical mottled aspect (Fig. 6), expression of 
heterogeneousity of morainic deposits. This characteristic is more accentuated on 
the western half of the profile, that is external part of the moraine, explained by the 
complexity of his genesis. From genetically point of view, this high inhomogeneity 
is, in our opinion, compatible with a large variety of depositional and 
deformational processes active in the glacier marginal morainal banks. On the other 
hand, by structure, morphographic aspect and geomorphic context, we can 
interpreted this latero-frontal moraines in the manner of dump moraines, with a 
poor preservation potential in originally aspect (Benn, Evans, 1998).  
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 The main characteristics of the general aspect of the inverse model profiles 
(Fig. 6) is due by the resemblance with a folded structure, more exactly with an 
anticline the dipole-dipole, and with an anticline on Wenner-Schlumberger profile. 
The resistivity values reveal the presence of a core of high resistive deposits. This 
high resistivities - > 950 kΩ m, on Wenner-Schlumberger profile - , correspond in 
our opinion on a roche moutonnée, later covered by stadial latero-frontal moraine 
deposits. On the images offered by dipole-dipole tomographic profile, we can find 
that the layers are ordering in function of the bedrock topography. On the other 
hand, this structural situation explains also the fact that in this point the moraine 
ridge have the highest elevation (Fig. 3). The corrugated aspect of the layers, 
visible very well on the dipole-dipole profile is, in our interpretation, the expresion 
of ductile deformation due to the glacitectonic compression on morainic deposits. 
On the other hand, we think that the undulated aspect of the superficial layers mast 
be connected with the cryogenic processes in permafrost conditions and the 
reshaping of glacial deposits and forms in postglacial time. 

 The low resitivity values characteristic for the extremely part of the profile 
are correlated with humid area of some small depressions. On the eastern part the 
depression are inter-ridge depression (Fig. 3), characteristic for latero-frontal 
morainic morphologic complex, with some dumpy elongated or rounded hummock 
The western part correspond of a depression situated between the foot of the slope 
and external part of the moraines, filled with, generally, fine postglacial deposits, 
moisturised by snow melted water, with some coarse debris and blocks, high-
ohmic, in fact isolated resistivity anomalies. 

 From the resistivity values point of view, we can observe that our values 
range in the limits specific for moraines and, generally, for glacial deposits 
(Reynolds, 1997; Guglielmin et al., 1997; Pant, Reynolds, 2000; Turi i Michels et 
al., 2007, Kulessa et al., 2007). 

According to electrical tomography profiles, the thickness of the morainic 
deposits attain in this area 5-10 m. 

CONCLUSIONS 

The study opens a new perspective toward better understanding the structure 
of glacial and postglacial deposits in-filled glacial depressions and also, the relation 
between glacial deposits and slope deposits. The mottled aspect of all apparent 
resistivity profiles is a expression of the heterogeneousity of glacial and post 
glacial deposits, and the specific aspect of glaciated bedrock, with over-deepening 
glacial depressions, paleo-glacial channels and roche moutonnées, Especially in 
inversion model profiles, appear a particular ordering of the layers, especially for 
bottom layers, in fact, glacial deposits, in function of the bedrock topography, with 
a characteristic glacial shape. Also, the corrugated aspect of the layers, is, in our 
interpretation, the expression of ductile deformation due to the glacitectonic 
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compression on morainic deposits.  
The obtained results offer a direct answer of the question, how well suited 

are electrical resistivity tomography for knowing of internal architecture of glacial 
deposits and a better understanding of the morainic formation processes. Also, we 
believe that the geophysical information can be a good base for realistic models of 
latero-frontal moraine formations.  
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