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Abstract 

Red Lake in the Hăşmaş (Curmăturii) Mountains was formed 
by the natural barrage of the Bicaz brook in 1837. The 
north-western slope of the Ghilcoş Mountain, covered with 
gravel, slide as a result of the alteration layer water 
saturation following the abundant rains in that period. The 
lake has an „L” shape, or the shape of a leg with the foot 
oriented towards north. Red Lake is supplied by several 
brooks with permanent character: Oii, Ghilcoş, Vereşcheu, 
Suhard. As a result of the measurements we made in the 
summer of 2009, using Leica Total Station and sonar, the 
following data were obtained: area 12.01 hectares; 
perimeter 2905.79 m; maximum length 1361.72 m; 
maximum width 160.24 m; maximum altitude upstream in 
the south 965.199 m; maximum altitude upstream in the 
north 966.041 m; maximum depth 10.50 m etc. The 
greatest depths, of 10.5 m, are recorded in the central 
sector, close to the outlet of the two arteries. In a 
transversal profile, the western bank is steeper and hard 
(lithologically), and the eastern bank is mild and crumbly 
(landslide diluvium). In the same way the submerse slopes 
are maintained as well. New techniques of analysing the 
hydro-morphological parameters for a lacustrine basin have 
been used. Methods specific to land geomorphology (slope 
inclination, slope orientation etc) have also been used. The 
cartographic representation, as a new thing in the field, is 
suggestive, and helps in elaborating an interdisciplinary 
interpretation, of a limno-ecological nature. 

Keywords: natural barrage lake, geomorphology, 
bathymetry, cartography, Red (Rosu) Lake 
(Romania) 

Rezumat. Noi tehnici pentru analiza 
parametrlor limno-morfo-batimetrici în 

bazinele lacustre. Studiu de caz: Lacul Roșu 

din Munții Hășmaș (România) 

Lacul Roșu din Munții Hășmaș (Curmăturii) s-a format ca 
urmare a barării naturale a pârâului Bicaz în anul 1837. 
Versantul nord-vestic al Muntelui Ghilcoș, acoperit cu pietriș, 
a alunecat datorită saturării cu apă a stratului de alterare  în 
urma precipitațiilor abundente din acea perioadă. Lacul are 
forma literei L, sau a unui picior cu talpa orientată spre 
nord. Lacul Roșu este alimentat de câțiva afluenți 
permanenți: pârâul Oii, Ghilcoș, Vereșcheu, Suhard. În urma 
măsurătorilor efectuate în vara anului 2009, utilizând Stația 
totală Leica și sonarul, au fost obținute următoarele date: 
suprafața 12,01 ha,  perimetrul 2905,79 m, lungimea 
maximă 1361,72 m, lățimea maximă 160,24 m, altitudea 

maximă în sud 965,199 m, altitudinea maximă în amonte în 
nord 966,041 m, adâncimea maximă 10,50 m. Cele mai 
mari adâncimi, de 10,50 m, sunt înregistrate în sectorul 
central, aproape de gura de vărsare a celor doi emisari. În 
profil transversal, malul vestic este mai abrupt și mai dur 
(din punct de vedere litologic), iar malul estic este mai lin și 
friabil (deluviu de alunecare). În același mod se mențin și 
pantele submerse. Pentru realizarea acestui studiu au fost 
folosite noi tehnici de analiză a parametrilor hidro-
morfologici specifici unui bazin lacustru. Reprezentările 
cartografice, care sunt o noutate în domeniu, sunt 
sugestive, fiind utile pentru elaborarea unei interpretări 
interdisciplinare, de natură limno-ecologică. 

Cuvinte-cheie: lac de baraj natural, geomorfologie, 
batimetrie, cartografie, Lacul Roșu (România) 

 

Introduction 

Red Lake is the best known Romanian 

acquatorium created as a result of a landslide which 
caused a barrage in the course of Bicaz brook. Still, 

a complete geographical and limno-ecological study 
has not been done yet. From a morphological and 

morpho-graphical point of view, there were several 

attempts, but most of the times they were 
incomplete. The best known research paper was 

elaborated by Pandi G. in 2004, but it is published in 
Hungarian and it does not include a modern, 

interdisciplinary, geo-ecological study of the Red 

Lake lacustrine basin system. 
Thanks to very accurate last generation 

instruments, and to the qualified personnel in taking 

very fine measurements, a series of measurements 
on the morphometry and morphology of Red Lake 

were taken. We hope that these measurements will 
represent a basis for complex geographical, 

geological, biological, economic studies, and they 

will lead to new interdisciplinary research directions 
– limno-ecological ones. 

The geomorphologic methodology for land areas 
is applied to the morpho-bathymetry of the 
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lacustrine basins. The principles are the same, in 
another field, collateral to limnology, but important 

from a geographical point of view. The majority of 

the parameters known in the immerse territories will 
be found in the aquatic submerse territories as well, 

but on a different scale and with other influences. 
The most important studies on Red Lake and the 

surrounding area were elaborated by: Bojoi, 1968; 

Cărăuşu et al., 1971; Ciaglic, 2005; Dobrescu and 
Ghenciu, 1970; Ghenciu, 1968 a,b; Ghenciu and 

Apavaloaie, 1969; Ghenciu and Carausu, 1970; 
Gaştescu, 1971; Grasu and Turculet, 1980; 

Mihăilescu, 1940 cited by Popp; 1941; Pandi, 2004; 

 Pandi and Buzila, 2004; Pandi and Magyari, 2003; 
Pelin, 1967, 1971; Pişota and Nastase, 1957; Pişota 

and Nastase, 1957., ; Popescu and Dimitriu, 1950; 

Popp 1941; Preda, 1967, 1971; Preda and Pelin, 1963; 
Puşcariu, 1939; Romanescu, 2009 a,b,c; Senchea, 

1948; Udrişte, 1963; Xantus and Xantus, 1999 etc. 
From the international literature we used only the 

studies helping in supporting some hydro-

geomorphologic ideas: Clague et al., 2006; Gagnon 
et al., 2008; Godet et al., 2009; Holden, 1998; 

Lampert and Sommer, 2007; Nolan and Brigham-
Grettej, 2007; Reshef et al., 2007; Torabay et al., 

1991; Wetzel, 2001. 

 

 

Fig. 1 Geographic location of Red Lake on the Romanian territory

 

Red Lake is situated in the Central Group of the 
Eastern Carpathians, within Hăşmaşu Mare 

(Hăghimaş) Massif and its main tributaries are Oaia, 

Vereşcheu, Licoş and Suhard brooks (Fig. 1).  
It is a natural barrage lake. It was created in the 

summer of 1837, when, following a period of 
abundant rains, a landslide diluvium detached from 

Ghilcoş (Ucigaşu) Mountain and created a barrage in 

the course of Bicaz brook. Behind the landslide 
wave, a lake was created and this lake inherits the 

tree trunks of the forest covering the sliding slope 
(Bojoi, 1968; Mihăilescu, 1940 cited by Popp, 1941; 

Pişota and Nastase, 1957). 
The mathematical coordinates of the lake are: 

46º47’0’’ N latitude in the southern sector, 

46º47’37’’ N latitude in the northern sector, 25º47’0’’ 

E longitude in the north-western sector and 

25º47’30’’ E longitude in the eastern sector. 
In the Carpathian Mountains, there are several 

lakes emerged as a result of the landslides which 

created a barrage in the course of the rivers 
(Vulturilor, Crucii, Bălătău, Dracului etc.), but Red 

Lake is the best known and studied.  
The name „roşu” (red) comes from the fact that at 

sunrise, the sunrays fall directly on the reddish clays of 

the western slope (Piciorul Licoş), and it reflects on the 
relatively clear waters of this aquatorium. 

Methods and technique 

The field measurements were taken by using 
LEICA TCR 1201 total station, which, together with 

LEICA GPS 1200, is part of 1200 LEICA SYSTEM.  
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The Topographic Headquarters in Gheorgheni 
gave us the coordinates of the topographical marks. 

The measurements were taken starting from the 

Topographic Mark number 15, situated on the right 
side of the lake, at 986.275 m altitude, and the 

orientation was done towards the mark on Suhard 
peak, at 1507.0 m altitude. From the Topographic 

Mark number 15 the measurements started 

effectively. Seven station points were radiated, by 
using wood stakes in different zones of the lake, for 

an optimum cover of the whole area. After finishing 
the measurements, the data were processed by 

using AutoCAD software. 
At the same time, a GPS was used in order to 

establish the exact perimeter of the lacustrine basin 

and of the typical humid zones in the Red Lake.  
The data of the topographical surveys were 

represented in Stereographic Projection 70. All the 
topo-geodesic works which were done on the 

territory of Romania were executed in Stereo 

Projection System 70 or Stereographic 1970: maps 
and cadastral plans, topographic maps etc.  

The bathymetric measurements were taken by 
using Valeport Midas Surveyor echo sounder (Bathy-

500DF Dual Frequency Hydrographic Echo Sounder). 
The resolution of this echo sounder is 1 cm/1 cm 

and it includes GPS navigation. 

The contour of the lake was established on the 
basis of the topographical measurements and GPS. 

The whole lacustrine surface was scavenged by 
using the sonar. In this case, over 80,000 points 

were inventoried and about 50,000 were graphically 

interpolated. 
A certain difficulty in establishing the correct 

depths was generated by the fact that the signal of 
the echo sounder can easily penetrate the extremely 

watery silt from the bottom of the lake. In this case, 

the thickness of the sediment is added to the depth 
of the lake, instead of being considered a 

consolidated layer. That is why several corrections 
were done and supplementary measurements were 

done by using string and weights. 
As a result of the fact that the lake still preserves 

a multitude of tree trunks, the bathymetric 

measurements were affected. In order to avoid 
errors, the „parasites” which frequently appeared in 

the measurement operation were eliminated.  
In order to process the bathymetric data and 

realize the thematic maps, TNTMips v.7.2 and ArcGis 

v.9.3 software was used. Therefore, the numeric 
model of the land was realized and it was graphically 

used for different purposes. These are new graphical 
representations in the mathematical modelling of the 

lacustrine basins. In this case, the working 
techniques for the land geomorphology have been 

used: slope value, slope orientation, hypsometric 

integral. On the basis of the numeric model of the 

land, for each bathymetric level, the corresponding 
water volume was calculated. 

Results and Discussions 

The topographic measurements indicated the 
following values: area – 12.01 hectares (120,134.44 

m2); perimeter 2905.79 m; maximum length – 

1361.72 m; maximum width -  160.24 m; maximum 
altitude upstream in the south (the outlet of Oaia 

brook) 965.199 m; maximum altitude upstream in 
the north-west (the outlet of Suhard brook) 966.041 

m. The length of the main sector (the outlet of Oaia 

brook and the river mouth) is 958.89 m. The length 
of the secondary sector (the outlet of Suhard brook 

and the river mouth) is 403.32 m. The area 
indicated in other recent studies is 11.6 hectares or 

116,500 m2 (Pandi, 2004). 
The river mouth, or the tributary sector of Red 

Lake, is situated at an altitude of 965.05 m. The 

difference of level between the outlet of Oaia brook 
and the river mouth is 14 cm. Between the outlet of 

Surhard brook and the river mouth there is a level 
difference of 99 cm. Therefore, the slope of Suhard 

brook is greater and the bottom of the valley is 

deeper. The smaller distance also indicates a greater 
level difference. Oaia brook and the adjacent 

lacustrine sector implicitly have a greater length but 
a smaller slope. In this case, the sedimentation rate 

could be higher, as the current has a lower velocity 
and the elimination of the alluvia is slower. 

There is a relatively great difference between the 

altimetric data of the lacustrine basin, especially for the 
average level of the lake, in the studies of different 

authors: Pişota and Năstase, 1957, Udrişte, 1963, 
Bojoi, Pelin, 1967. According to the data obtained in 

the measurements taken in 2009, the altitude of the 

lake level is 965.10 m, but in other recent studies, the 
value of 978.17 m is indicated (Pandi, 2004). The 

difference could be explained by the different methods 
which were used in establishing this altitude. In the 

present case, topographic measurements were taken, 

while in other studies, the altitude was established on 
the basis of the topographic maps which have been 

achieved so far. 
The lowest depths are recorded in the upstream 

sectors of the two branches, at the outlet of the 
most important brooks: Oaia and Suhard. This fact 

is a result of the relatively reduced solid transport of 

the two water courses. The low solid discharge is 
the result of a high forest cover degree which has 

been preserved since the formation of the lake. Low 
depths are also recorded next to the river mouths of 

the small torrents coming from the mountain sectors 

with high slopes. 
The greatest depths, of 10.5 m, are recorded in the 

central sector, at the confluence of the two main 
arteries or behind the landslide wave which closed the 
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basin (Fig. 2). The higher level difference between 
Suhard brook and the river mouth causes greater 

depths on this alignment, as compared to the one 

situated between Oaia brook and outlet. Until now, 
only maximum depths of 9.70 m were measured 

(Pandi, 2004). The measurements taken in the 
summer of 2009 indicated slightly higher values: 10.50 

m. The depth of 10.5 m is indicated in only one study 

(Cazacu et al., 2009). It is important to mention the 
fact that these measurements were taken in a period 

when important amounts of precipitation were 
recorded over a long period of time. This fact caused a 

slight increase of water level, but not higher than 20-

30 cm. From this point of view we cannot give 
accurate figures on the periodic variations of the levels, 

as the hydrological observations are not made 
systematically, and in most cases, they are false. 

In a transversal profile, a clear asymmetry of the 
slopes can be noticed. In the remote sector, towards 

Ghilcoş Mountain, from where the sliding material 

fell off, the slope becomes milder, while on the 
opposite slope (lithological) the slope is very steep. 

The greatest level difference is recorded in the 
sector of the river mouth, where there are the 

greatest depths as well. A perfect symmetry is 

recorded in the upstream sectors, where the silting 
is predominant and the quantity of the sliding 

material is reduced. 
The greatest slopes are found on the western 

and northern banks, where the rocky slopes have an 
almost vertical fall in the lacustrine basin. These 

sectors are well forested, they do not represent the 

source for any significant water courses and the 
quantity of alluvia material is low. A different 

situation occurs on the opposite slope, the eastern 
slope, where the landslide diluvium manifested. In 

this case, the slopes have low values and the plant 

community could develop. This latter sector is 
strongly fragmented by several torrential arteries. 

They are anthropically controlled at present, as the 
road linking Bicaz and Gheorgheni crosses this area. 

We have to mention the fact that in the areas with 
reduced depths, where light penetrates to the bottom 

of the lake, a vegetation specific to the humid areas 

developed, and therefore, extended wetlands 
appeared. Vegetation has its main contribution to the 

fast silting in the upstream sectors of the two 
branches. At the same time, it created a soil typical to 

the lacustrine basins, called limnisoil.  

The letter „L” shape is given by the existence of 
the two important valleys: Oaia in the central- 

southern half, and Suhard in the north-western 
sector. The central-southern branch of Oaia valley is 

affected by the landslide body, with a clear 

asymmetric transversal profile. The branch of the 
Suhard valley is not affected by landslides, but it has 

an asymmetric transversal profile due to the 

 significant silting towards the northern bank. From 
this bank, several torrential organisms bring alluvia 

material and deposit it under the form of small 

submerse cones of fan-delta type. The same micro-
morphological formations can be found on the 

eastern slope of the main valley as well. 
The water level is situated at an altitude between 

966 m and 965 m, and definitely not at an altitude 

of 978 m, according to the data supplied by Pandi G. 
in 2004. In fact, the whole range of morpho- 

metrical data should be revised, as, until present, it 
is only the information taken from the topographical 

maps drawn between the 1950s and 1970s that has 

been used. 
After the numeric model of land was done, with 

drawing up of the bathymetric curves, the map of 
slope inclination was elaborated. According to these 

parameters, there are favourable or non-favourable 
conditions for the installation of vegetation or for the 

sheltering of organism communities. From this point 

of view the vertical walls are non-favourable, while 
the plane surfaces are favourable to the 

development of the lake communities. 
The highest percentage is registered by the 

slopes between 0-3º (over 50%) and the lowest 

values, by the slopes with values between 45-66º 
(under 2%). A quite important percentage (almost 

10%) is recorded by the slopes between 5-10º and 
15-25º (Fig. 3). 

At low depths (0-1 m, 1-2 m) the average slopes 
are predominant, while at high depths (especially for 

the depths between 8-9 m, 9-10 m, over 10 m) the 

low slopes are predominant. For the depths 
exceeding 9 m the slopes with values between 0-3º 

are predominant, therefore, a uniformity of the 
bottom lake occurs.  

A very important ecological characteristic for the 

lacustrine basins is represented by the banks 
orientation (slope orientation) according to the 

cardinal points (Fig. 4). In this case, the wind rose is 
considered. The orientation of the banks towards 

sun or in the shadow of the sun, leads to a different 
distribution of the lacustrine organisms. The method 

is used by geomorphologists and climatologists in 

order to point out the role played by insolation on 
the terrestrial surface. The phenomena are similar 

within the lacustrine basins, depending on 
insolation. In the case of Red Lake the situation is 

somehow complicated. The elongation on a north-

south direction, induce an eastern orientation to the 
western slopes, and a western orientation to the 

eastern slopes. The value of insolation cannot be 
distributed evenly, as the two neighbouring 

mountain sectors do not have the same altitude. 

This is why the lacustrine surface is lighted by the 
sun later in the morning, as compared to the sunset. 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XII, Issue 1 (June 2013), pp. 25-36 
http://dx.doi.org/10.5775/fg.2067-4635.2013.021.i 

29 forumgeografic.ro 

The slopes with high slopes receive less light, and 
the plane slopes, more light. 

 

 

Fig. 2 Bathymetric map of Red Lake and transversal profiles in the lacustrine basin  
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Fig. 3 Value of slopes in Red Lake basin  
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Fig. 4: Bank orientation (slope orientation) map in Red Lake lacustrine basin 
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The highest values are characteristic to the 
banks with eastern, north-eastern and north-

western orientation. They follow the general 

orientation of the lake and its elongated shape. 
The lowest values are characteristic to the southern 

and south-western banks. 
There are important differences in the 

orientation of the banks at different depths. The 

general situation is somehow changed in the 
middle part of the lake, between the depths of 4-5 

m, 5-6 m, 6-7 m, where other orientations are 
predominant. At higher depths, the eastern and 

north-eastern orientations are predominant, and 

this is due to the inclination of the submerse glacis 
formed at the base of the lithologic slope (hard). 

The slope affected by the landslide, with mild 
slopes, has a general westwards orientation, while 

the opposite bank has an eastwards general 
orientation. 

The longitudinal profile representation is done in 
such a way that one can notice, at the same time, 

all the three sectors. The diagram is accompanied 

by the plane image of the lacustrine basin. 
In a longitudinal profile, one can notice the 

relatively high slope in the sector between Oaia 
brook and the river mouth, with the value of 10.5 

m at 958.89 m (11º) (Fig. 5). The slope of the 

sector between Suhard brook and the river mouth 
has the value of 10.5 m at 403.32 m (26º). In the 

latter case, the slope is much greater, and 
therefore, great depths are maintained during the 

whole course. The landslide wave next to the river 

mouth has a slope value of 56º. 
The landslide wave blocking the basin of Red 

Lake presents a slope with vertical values, well 
defined, with little changes along time. It is 

precisely the weak changes that permitted the 
maintenance of the water volume and the 

existence of the lake itself. 

 

Fig. 5: Diagram of the longitudinal profile in Red Lake (the proportion of shapes and lengths 
for the two components – Oaia and Suhard streams - is maintained) 
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The greatest depths, of 10.5 m, can be found at 
the confluence of the two arteries, Oaia and Suhard, 

behind the wave which closed the lacustrine basin for 

good. The significant depths in this sector could be a 
result of the existence of certain circular bottom lake 

currents. These currents can be generated when the 
longitudinal currents turn back after hitting the 

barrage. In this case, under-washing of the riverbed 

bottom occurs and certain enclaves with great depths 
are created. They can have a temporary character, and 

they are obvious only for very high speeds of the 
depth currents. During the torrential rains, great 

swirling currents are developed, and they represent an 
extra supply for the lacustrine basin. The most obvious 

swirling occurs at the confluence of the two currents 

and their impact with the landslide wave of the river 
mouth. During the quiet moments of the affluent 

hydrographical arteries, the swirling forces can be 
diminished, and the alluvia flow can reduce temporarily 

the small irregularities of the lake thalweg. 

The vertical distribution of the depths creates a 
transversal profile of the lacustrine basin in the 

shape of a conical bag (Fig. 6). In reality it is a 
landform with reverse position as compared to the 

immerse one. The greatest area values belong to 
the isobaths with the value of 0 m. The -1 m isobath  

covers an area of 11.236 hectares and the one with 
the value of -10 m only 0.056 ha. At the level of 

each bathymetric curve, an equivalent of solar 

energy is received. This varies depending on 
turbidity, transparency, vegetation cover degree, ice 

sheet cover degree (isolated or continuous) etc. 
For each bathymetric interval (0 – 1 m: 1 – 2 m 

etc.) an equivalent water volume - Vp  corresponds. 

The latter has specific physical – chemical and 
biologic characteristics, and according to them, 

certain ecological functions can be assessed. For each 
interval, there is a correspondent for immerse 

surfaces, of the landforms, affected by the exogenous 
factors. If the climatic parameters change every 100 

m of altitude on the immerse landforms, the same 

thing happens within the submerse landforms, but on 
a more diminished scale. At the latitude where 

Romania is situated, the temperature decreases with 
0.6ºC for each 100 m of altitude. In the case of Red 

Lake, this parameter is 1ºC for each meter of depth. 

The same thing happens with the other physical – 
chemical parameters. The life conditions on the 

highest peaks of the mountains are severe; we can 
say the same thing about the greatest depths of the 

lacustrine basins. 

 

Fig. 6: Vertical distribution of the bathymetric curves and  the equivalent area occupied on 
each depth interval (1 m/1 m) 
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In order to study the temporal evolution of the 
lacustrine basin, a hypsometric integral specific to 

the immerse landform units was made (Fig. 7). This 

is based on the estimation of the immerse landforms 
erosion degree.  

The whole area of the graph represents the initial 
volume of the landforms. The area situated under 

the hypsometric curve represents the present 

volume of landforms. The ratio between the two 
volumes indicates the value of the hypsometric 

integral (Strahler, 1952). At the surface, the 
situation is the following: a concave curve reveals 

old landforms, and a convex curve indicates young 

landforms, with weak erosion phenomena. For Red 
Lake the values are higher than 1 (convex curve), 

which demonstrates a permanent accumulation of 
material and an ageing of landforms. The 

phenomenon is exactly the opposite of the one 
occurring on the land. 

The hypsometric integral is a graphical 

representation of the relationship between altitude 
and area. The calculation formulas for the two axes 

are: 
For oY axis: y=h/H, in which h = altitude of a 

point in a horizontal-transversal section (meters) 

and H = maximum altitude of the studied area 
(meters). For oX axis: x=a/A, in which a = the 

relative surface occupied by (square meters), A = 
total area (square meters). 

By analysing the hypsometric integral for Red 

Lake lacustrine basin, one can notice a permanent 
accumulation and a continuous modification of the 

submerse slopes as a result of the accretion (bottom 
and lateral). 
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Fig. 7: Hypsometric integral of Red Lake basin  

Conclusions 

Red Lake is the best known natural barrage lake 
in Romania and it represents, together with the 

Bicaz Gorges, the main tourist attraction in the area 
of Hăşmaşu Mare (Hăghimaş) Mountains.  

Although the lake is a distinct entity from a 

limnologic point of view, most of the studies had 
only a limited character, without an interdisciplinary 

approach. Due to a less accurate methodology and 
outdated instruments, even this study includes 

inaccurate date from a morphometric point of view 
(topography, bathymetry). 

For a correct understanding of the morphometric 

data, the geomorphological methodology specific to 
positive, immerse landforms, has been applied. The 

methodology is similar for the negative landforms, 
such as the lacustrine basins. The novelty hydro-

geomorphological data are corroborated with an 

innovatory cartographic material, created in order to 
have a clear and quick understanding of the reality. 

The existence of morpho-metrical data and their 
correct interpretation could lead to a new re-

evaluation of the hydrological, biological, ecological, 
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economical parameters etc. Morpho-bathymetry of a 
lacustrine basin represents the base for the limno-

ecological interpretation. 

The long existence of such an aquatorium is due 
to balanced hydrological balance, favourable from 

this point of view, but also to a reduced silting. The 
reduced silting index is a direct result of the 

continuous presence of vegetation layer, especially 

the coniferous forests, in the surrounding area, and 
of the high hardness of the geological layer 

(crystalline schists and limestone). 
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