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 northwest-southeast strike of the Úri Ridge. These cross sections show the asymmetry of the 
WSW-ENE-directed valleys (here the Alsó-Tápió), with steep northerly exposed slopes facing 
to gentle, SE sloping ones. 

 
Catchment 1 2 3 4 

Length-
azimuth 

plot 

    
Thresh. 
(cells) 2000 2000 2000 5000 

Max (%) 28.6 21.8 31.0 38.9 
Cv 0.63 0.71 0.57 0.46 

     
Catchment 5 6A 6B 7 

Length-
azimuth 

plot 

    
Thresh. 
(cells) 5000 5000 2000 5000 

Max (%) 32.1 28.1 26.9 35.4 
Cv 0.65 0.49 0.64 0.69 

     
Catchment 8 9 10 11 

Length-
azimuth 

plot 

    
Thresh. 
(cells) 2000 2000 2000 2000 

Max (%) 25.0 33.0 36.6 24.6 
Cv 0.68 0.53 0.50 0.78 

 
Table 6-3. Directional rose diagrams of the valley network for each drainage basin. Main 
directional parameters are indicated. Thres: the threshold for valley determination in cells (1 
cell = 100 m2), Max%: The ratio of the most frequent valley direction in percentage of the 
total valley length, Cv: circular variance of the directional data. 

 
Areas of peculiar drainage pattern are promising targets for the study of surface morphology 

and neotectonic deformation. In these areas the qualitative description of the valley network is 
essential as these features are frequently observable at the drainage divide of several 
catchments, while directional roses represent individual catchments and neglect the slope 
directions of the valleys (Table 6-3). 

Fig. 6-13 shows the valley network of the Gödöllő Hills with the trunk channels and some 
major tributaries highlighted. Tributaries of the Danube River seem to have followed the 
incision of the Danube in the west. The lowering of base level apparently forced the Rákos 
and Szilas Creeks (nr 6 and 8) to abandon their original southeastward or southward strike and 
to turn towards the west. The Isaszeg Channel is occupied by three streams with northwest-
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southeast strikes, separated by intra-valley drainage divides. The first intra-valley drainage 
divide is between the catchments 5 and 6 (marked by “#1” on the inset of Fig. 6-13) with 
streams oriented to the northwest and to the southeast, respectively, but both draining to the 
Danube. Rákos Creek (nr.6) has been deflected towards the west by a second intra-valley 
watershed between the catchments 6 and 7 (Rákos Capture; “#2”). This very low drainage 
divide (relative height above the Rákos Creek is ~20 m) coincides with the Danube-Tisza 
watershed.  

 
Tributaries of the Tisza River 

typically flow from northwest to 
southeast and have their outlet on 
the east side of the drainage basin. 
Alsó-Tápió and Kókai Creeks (nr. 
9a and 4a) follow a southeastward 
direction in symmetrical valleys 
until they are deflected and forced 
to crosscut the Ridges towards the 
E-NE (drainage anomalies marked 
by “#3”, “#4” on Fig. 6-13), 
forming part the above described 
asymmetric valley set (Fig. 6-12). 

Radial valley networks are 
observable in the dissected central 
part of the Valkó Ridge among the 
streams nr. 1b, 2, 3, 4a, and 4b 
(anomaly “#5” on Fig. 6-13), to 
the N of the Rákos Capture (“#2”). 
In the south-eastern termination of 
the Úri Ridge valleys around the 
southeastern boundaries of the 
catchment nr. 11 are also 
organized in a radial network 
(“#6” on Fig. 6-13). The small size 
of the drainage areas of the 
southernmost valleys did not allow 
to include them in this study. This 
landform is called the Pánd 
Antiform.  

The drainage pattern is 
centripetal in the southern part of 
the Úri Ridge. Apparently, the 
Gomba Depression has forced the 
streams from the surrounding areas 
to deviate from the consequent 
northwest-southeast trend (“#7” on 
Fig. 6-13).  

 
 
 
 

 
Fig. 6-12. Slope map and characteristic cross sections in the 
Alsó-Tápió drainage basin (nr. 9). Offset between the parallel 
profiles is 2000 m. A-B sections are depicting the NW-SE 
trending symmetric valleys. C-D profiles demonstrate the 
asymmetry of the WSW-ENE directed Alsó-Tápió Creek.
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Fig. 6-13. Valley pattern of the drainage basins. The trunk channels and major 
tributaries are numbered and highlighted with red colour. Normalized long 
profiles of these valleys are presented in Fig. 6-15. Bp: Budapest, G: Gödöllő, Va: 
Valkó, Is: Isaszeg, M: Mende, U: Úri. In the inset Arabic numbers specify the 
drainage basins; for names and properties refer to Tables 6-2 and 6-3. Dark grey 
shadowing indicates the dissected catchments. 

 
Drainage density  
 
Drainage density (in this study equal with the valley density; Dv) is the proportion of the 

total valley length (L) and the catchment area (A). 

(14)  Dv=L/A (km/km2) 

The valley density values were derived from the computed valley network, which is 
influenced by the threshold applied for valley determination. A larger threshold has been 
accepted for the valley determination in the smooth areas (catchments 4, 5, 6A, 7), which could 
lead to smaller drainage density values. However, as discussed in section 6.4.3, in these basins 
the large threshold mirrored most precisely the true valley network (see Figs. 6-10, 6-11 and 
Table 6-3). The resulting valley density values are suggested to reflect the real differences 
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between the surface of the catchment areas. Valley densities of the Gödöllő Hills vary between 
0.87 km/km2 (basin nr. 5) and 1.64 km/km2 (basin nr. 10; Table 6-2) with an average of 1.26 
km/km2. In order to refine areal differences of drainage pattern, the valley density was plotted 
against the average slope (Fig. 6-14). The catchments formed three clusters – “DvI”, “DvII” 
and “DvIII” – which coincide with the “hypI, hypII, and hypIII” groups of Fig. 6-9, strongly 
supporting increasing surface roughness from “hypI” – “DvI” towards “hypIII” – “DvIII”. 

 
 
6.4.5. Longitudinal valley profiles 
 
Longitudinal valley profiles (or long 

profiles) show the elevation of the 
valley floor plotted against its length. 
In the absence of tectonic disturbance, 
the concavity of a long profile 
increases with the age of the river 
(Davis 1909, Snow and Singerland 
1987). Graded rivers (Mackin 1948; 
Keller and Pinter 2002) have a 
characteristic concave-upward profile, 
with high concavity and a maximal 
concavity close to the source area. 
Deviations from this characteristic longitudinal valley profile may indicate external 
influences, such as the presence of a resistant stratum or neotectonic activity (e.g. Rãdoane et 
al. 2003).  

 

  
name D (km) H (m) Gr 

(m/km) zmax ∆d/D σ (%) 

1a  Egres 16.71 98 5.9 0.18 0.11 19.4 
1b  Besnyői 16.71 108 6.5 0.25 0.40 28.9 
2  Nagy 9.62 135 14.0 0.35 0.27 38.1 
3  Sósi 10.48 113 10.8 0.31 0.31 28.2 
4a  Kókai 22.67 108 4.8 0.26 0.28 32.1 
4b  Hajta 22.85 146 6.4 0.43 0.23 51.4 
5  Sződrákosi 15.64 103 6.6 0.25 0.28 23.5 
6  Rákos 28.43 156 5.5 0.36 0.19 39.4 
7  Felső-Tápió 14.90 119 8.0 0.48 0.20 54.4 
8  Szilas 12.09 114 9.4 0.25 0.35 29.3 
9a  Alsó-Tápió 16.92 85 5.0 0.37 0.29 41.0 
9b  Sápi 11.84 97 8.2 0.49 0.22 56.1 
10  Gombai 17.85 105 5.9 0.38 0.31 44.0 
11  Pándi 9.00 73 8.1 0.39 0.30 46.1 

mean 16.12 111.5 7.5 0.34 0.27 38.0 
 
Table 6-4. Morphometric indexes of normalized longitudinal river profiles. D:
valley length, H: absolute gradient, Gr: relative gradient (H/D), zmax: maximal 
concavity, ∆d/D: distance of zmax from the source, σ: concavity index. Streams of 
the smooth catchments appear with grey background, upper reach of the Rákos
creek flows through smooth area, its lower reach is crossing dissected terrain. 

 
Fig. 6-14. Valley density of the drainage basins plotted 
against their average slope. Arabic numbers specify the 
drainage basins. Clusters coincide with those of Fig. 6-9. 
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Longitudinal profiles of the main stream(s) of each drainage basin in the Gödöllő Hills were 

extracted from the DEM. In some basins two valleys of similar importance were examined 
(nr. 1a-b, 4a-b, and 9a-b, see valleys in Fig. 6-13).  

 

 
Fig. 6-15.  Normalized longitudinal valley profiles. Explanation of the 
parameters appears in the top left corner of the figure. The concavity index 
(grey shadowed area, σ), the maximal concavity (zmax) and its distance from 
the source (∆d/D) refer to the state of development of the valley. High values 
are highlighted with grey, low values are in boxes. A graded valley is 
characterised by small ∆d/D, high σ and zmax values. 
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Absolute gradient of the studied valleys (H=elevation of the source – elevation of the outlet; 

[m]) varies between 73 m (nr. 11) and 156 m (nr. 6) (see data in Table 6-4). This parameter is 
independent of the length of the valley (D). The relative gradient is the elevation of a 
particular location on the valley floor normalized to the total length of the valley (Gr=H/D; 
[m/km]). In the Gödöllő Hills, relative gradient varies between 4.8 m/km (nr. 4a) and 14.0 
m/km (stream nr. 2), with an average of 7.5 m/km. The dependence of the relative valley 
gradient on the basin size proved to be more important then its correlation with relief 
(correlation coefficients of –0.75 and 0.37, respectively). In the study area, smaller relative 
gradients are mostly the consequence of larger catchments, and only secondly of smaller 
relief. This statement holds true for the hilly area of the Gödöllő Hills, where elevation 
differences are moderate, and larger basins are more likely to comprise flat terrain (e.g. nr. 4, 
6, 10).  

The dimensionless normalized valley profiles (Fig. 6-15) allow direct comparison of valleys 
with different length and absolute gradient (Demoulin 1998). Distance along the valleys is 
normalized to the total length of the valleys (d/D) and elevation is normalized to the absolute 
gradient along the valleys (h/H). Normalized profiles characterize the degree of grading of a 
river where zmax is the maximal concavity, ∆d/D is the normalized distance of zmax from the 
source (upper left inset on Fig. 6-15). A graded valley is characterised by high zmax and small 
∆d/D values. The area on the plot between the valley profile and the straight line connecting 
the source and outlet of the valley is the concavity index (σ, %). Theoretically this index ranges 
between 0.0 (0%) and 0.5 (100%). Higher values indicate a more concave profile (Demoulin 
1998). 

In the Gödöllő Hills the concavity index 
(σ) varies between 19% and 56% (creeks 
1a and 9b respectively) with a mean of 
38% (Table 6-4, Fig. 6-15). The highest 
value of maximal concavity (zmax) is 0.49 
(9b), the lowest value is 0.18 (1a) with an 
average of 0.34, with its position (∆d/D) 
always in the upper half of the profiles. For 
example, high zmax and σ values combined 
with low ∆d/D suggest streams close to 
their equilibrium state (4b, 7 and 9b). In 
the case of straight long profiles ∆d/D may 
vary significantly without any correlation 
with the state of maturity of the creek. For 
example, the lowest ∆d/D value belongs to 
the least concave stream (nr. 1a), which is 
evidently not a graded profile. The other 
main stream in the same catchment (1b) 
has moderate concavity and the highest 
∆d/D, also suggesting rejuvenation of the 
north-central part of the Gödöllő Hills. 
∆d/D plotted against zmax values of the 

valleys allow the discrimination between four clusters (“LpI- LpIV”) of the studied valleys 
(Fig. 6-16; see data in Table 6-4). The “LpI” group comprises valleys with high maximal 
concavity situated close to the valley-head (4b, 6, 7, 9b). These are the most graded valleys in 
the study area. Valleys 4b, 9b and 7 are consequent valleys not deflected from their northwest-
southeast orientation. The upper reach of the Rákos valley (nr. 6) is very similar to stream nr. 

 
Fig. 6-16. Distance of maximal concavity from the 
source (∆d/D) plotted against maximal concavity 
(zmax) of the normalized stream profiles. Numbers 
refer to the valleys (see map view in Fig. 6-13, long 
profiles in Fig. 6-15 and data in Table 6-4). Grading of 
the valleys increases towards low ∆d/D and high zmax 
values.
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7, both flowing consequently to the southeast within the Isaszeg Channel. Deflection of the 
Rákos Creek could not alter the low ∆d/D value of its long profile, but its zmax value has been 
decreased considerably with respect to other members of this cluster. 

Valleys in the “LpII” cluster have been deflected from the northwest-southeast direction and 
possess concavity parameters around the average. The “LpIII” and “LpIV” clusters include 
valleys with moderate- to low-concavity profiles. The long profiles suggest that these streams 
could not reach their mature state yet and tectonic influence, such as crossing an upwarping 
area should be considered. The only remaining valley is nr. 1a, which belongs to the “LpIV” 
cluster. Its low concavity parameters (zmax, σ) combined with low ∆d/D makes it necessary to 
separate it from the members of the “LpIII” cluster. This is the least graded stream within the 
study area, suggestive of active deformation affecting its course. 

 
 
6.5. Discussion  

 
Geomorphology 
 
Geomorphic mapping and field observations suggest that distinct topography of the Ridges 

and the Isaszeg Channel have developed mainly due to the difference between fluvial vs. 
eolian processes (Fig. 6-4). The Isaszeg Channel acted as a wind channel between the two 
Ridges. Here the role of fluvial erosion has been restricted and denudation by deflation 
truncated the surface, creating a gentle, hummocky topography with no major dissection not 
even at the most elevated Rákos Capture area (Fig. 6-4, #2 on Fig. 6-13) 

Loess-covered surface of the Valkó and Úri Ridges is higher and fluvially dissected. Fluvial 
erosion acts linearly, leading to valley incision and smaller amount of overall surface 
lowering. Accordingly, The Valkó and Úri Ridges can be interpreted as areas evolved in 
wind-shielded position, with their surface evolution mainly controlled by fluvial erosion. 
Multielectrode resistivity profiles suggest that in the southern and central parts of the Gödöllő 
Hills valleys incised into the ~20 m thick loess cover and, in accordance with Balla (1959) and 
Láng (1967), valley incision postdates at least the latest phase of loess deposition. Several 
phases of eolian dust accumulation and valley incision altered. Slope movements suggest that 
loess formation and soil development occurred in originally sloping topography demonstrating 
similarity of the paleo- and modern-topography. Redeposition of the soils along the slopes 
suggest uplift and related incision of the valleys.  
 

Role of deflation  
 
There are several lines of evidence pointing to significant influence of wind erosion in 

shaping the macro-scale landforms – northwest-southeast-striking Valkó and Úri Ridges 
separated by the Isaszeg Channel – of the Gödöllő Hills: 
(1) The occurrence of ventifacts (Jámbor 2002) to the northwest of the area and the elongated 

shape of outcropping wind-abraded pre-Pannonian rocks at the northwest tips of the Valkó 
and Úri Ridges support considerable deflation by northwestly winds (Figs. 2-4, 6-1). 

(2) The Valkó and Úri Ridges have sharp, northwest-southeast-striking linear margins, an 
orientation accordant with the prevailing wind direction (e.g. Fig. 6-6).  

(3) The northwest-southeast-trending Isaszeg Channel is unusually wide with respect to 
modern stream flows.  

(4) Spatial distribution of the most common Quaternary sediments, eolian sand and loess, 
suggests strong winds in the Isaszeg Channel and decreased wind power in the Ridges (Fig. 
6-4) 
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(6) Spatial distribution of fluvial and eolian landforms allows for fluvially dominated Ridges 
and deflation in the Isaszeg Channel (Fig. 6-4). 
These observations support the opinions of earlier authors (Strömpl 1912; Rozlozsnik 1936) 

and of recent work by Fodor et al. (2005a,b) who saw a significant role of northwesterly wind 
in the landscape evolution of the Gödöllő Hills. During Quaternary glaciations, wind power 
increased in the Pannonian Basin (e.g. Jámbor 2002). At the same time, fluvial erosion 
decreased (Bulla 1964; Pécsi 1993), and reduced vegetation cover could not prevent 
significant deflation. Winds entered the Carpathians Basin through a wind gap in its northwest 
corner between the Eastern Alps and Western Carpathians (e.g. Jámbor 2002). At exposed 
locations in the Gödöllő Hills, strong eolian activity during glaciations became more 
important than fluvial erosion (Isaszeg Channel). At wind-shielded areas of the Ridges fluvial 
processes were dominant with streams mainly flowing towards the southeast, to the subsiding 
basin of the GHP. Accordingly, in the Gödöllő Hills fluvial erosion and deflation acted in 
similar directions, which hampered the distinction of landforms related to these processes. 

Lóczy (1913), Cholnoky (1918), and Jámbor (2002) suggested considerable deflation in the 
Transdanubian Hills and eolian origin of the “meridional” valleys. According to this analysis, 
the Isaszeg Channel can be taken as the easternmost of the “meridional” valley set.  

 
Role of fluvial erosion 
 
It is important to distinguish the landscape evolution of the Valkó and Úri Ridges from that 

of the Isaszeg Channel because their geomorphology and sedimentary cover are strikingly 
different. On the Ridges, in wind-shielded position, climate oscillations led to various phases 
of loess and paleosol formation and fluvial erosion. In several occasions eolian dust 
accumulation and soil development occurred on slopes suggesting the similarity of the paleo- 
and modern-topography. In the following and on Fig. 6-17, a model of valley formation and 
loess accumulation on the Ridges is presented, based on all available (geomorphologic, 
stratigraphic and chronologic) sources and geomorphologic, sedimentologic and 
morphometric data of this study. 
1) During late Pliocene – early Pleistocene times (~3-0,8 Ma) the hiatus between Plio-

Quaternary sediments and truncation of the middle Pliocene sandstone indicate a major 
phase of pedimentation (e.g. Láng 1967; Pécsi et al. 1985). 

2) First period of fluvial incision was tentatively placed after the pediment formation and 
before the onset of loess formation (~800-450 ka). In the northern area ~400-450 ka old 
loess (see below) sequence developed on a fluvial terrace of the Galga Creek (Galgahévíz, 
Hévízgyörk; Figs. 6-1, 6-2). This documents valley incision prior to loess formation, thus 
older than ~400-450 ka, providing a minimum age for the onset of dissection of the late 
Pliocene-early Pleistocene pediment and independent drainage network development in the 
Gödöllő Hills. This age is in accordance with the earliest downcutting phase of the Danube 
into the Pest Plain suggested by terrace studies (see chapters 3 and 5). 

3) The first period of loess formation (~450-350 ka) was delimited by the Bag Tephra, which 
deposited above a loess-paleosol sequence (MB paleosol; Fig. 6-2). Tentative age of ~350 
ka of the Bag Tephra (Pouclet et al. 1999; Horváth 2001) suggests that loess formation in 
the Gödöllő Hills started as latest ~400-450 ka.  

4) Between ~350 and 130 ka eolian dust deposition, paleosol formation and erosion occurred, 
and 3 paleosols separated by loess bodies developed (BA, BD1,2; Fig. 6-2 and references 
therein). Local differences of the sedimentary environment resulted in high variability in 
thickness, number, colour and physical properties of the horizons (e.g. Pécsi 1993). Dipping 
and re-sedimented loess-paleosol sequences suggest several phases of eolian dust 
accumulation, soil formation and fluvial incision.  
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Fig. 6-17. 2D model of valley development and loess accummulation in the Ridges of the 
Gödöllő Hills (modified after Fodor et al. 2003a). The model is based on field observations, 
geomorphology, outcrop and shallow borehole data, loess chronology and multielectrode 
resistivity profiles (details and references in the text). 

 
5) Between ~130 and 70 ka, luminescence data (Fig. 6-2) revealed a significant hiatus and 

formation of one paleosol horizon (MF2). This period corresponds to soil development and 
a significant erosional phase during the last interglacial and beginning of the last glacial 
(Horváth et al. 2001). South of the Alsó-Tápió Creek, the middle Pleistocene (~450-130 ka) 
loess-paleosol sequence is apparently missing. If it was present, it was mostly eroded during 
or before the early late Pleistocene erosional phase (~130-70 ka). 

6) The final phase of loess development started ~70 ka ago and ceased at ~13 ka, when 
climate got gradually milder during late glacial times (Fig. 6-2 and references therein). In 
the north, this uppermost loess is missing; loess formation apparently finished around 130 
ka or sediments of the following period have been removed. Increased wind power during 
the last glacial maximum (Ujházy et al. 2003) may allow for the denudation of the youngest 
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loess-paleosol body in the north and for the accumulation of a wind-blown sand sheet (up to 
2-3 m thick) on the top levels of the Úri Ridge south of the Alsó-Tápió Creek.  

7) During the Holocene, valley incision, erosion and/or soil development have been the 
dominant geomorphic processes. Earlier authors (e.g. Balla 1959; Láng 1967) suggested 
that smaller valleys of the Ridges have developed after loess formation. The resistivity 
profile close to the village of Úri (Fig. 6-5A) suggests the existence of at least one valley 
incision phase after loess formation, which proposes that the warming towards Holocene 
times caused the last major phase of valley incision (i.e., after ~13 ka). Minor deflation and 
eolian sand movement may also have occurred during the Holocene (Ujházy et al. 2003), 
resulting in the removal of the uppermost loess and minor re-deposition of eolian sand. 
 
Morphotectonic implications 
 
Morphometric investigation allowed the discrimination between different landscape types 

of the Gödöllő Hills. Table 6-5 summarizes the characteristic surface and drainage parameters 
(slope conditions, surface roughness, hypsometry, river deflections and longitudinal stream 
profiles) and their implications for neotectonic deformation of the drainage basins.  

Differences of surface roughness (SR in Table 6-5 based on elevation and slope distribution 
on Figs. 6-5, 6-6 and Table 6-2) permitted a threefold topographic division of the Gödöllő 
Hills. High hypsometric integral, steep slopes and high drainage density characterise the 
Ridges (hypII, DvII, hypIII and DvIII clusters on Figs. 6-9 and 6-14). Dissected surfaces in 
hypIII and DvIII (1, 2 6B and 9) may reflect young tectonic uplift. On the other hand, 
relatively smooth topography in the hypI and DvI groups is consistent with significant 
deflation (catchments nr. 5, 6A and 7) or alluvial aggradation perhaps triggered by relative 
subsidence, for example, gentle topography of catchment nr. 4 suggests subsidence towards 
the GHP 

The drainage network has a characteristic northwest-southeast strike and a secondary 
maximum in the WSW-ENE direction (Table 6-3). Drainage pattern analysis revealed that the 
WSW-ENE-oriented valleys and valley sections have been deflected from the consequent 
northwest-southeast trend and are related to various types of drainage anomalies. 

(1) The intra-valley drainage divide between catchments nr. 5 and 6 , together with the 
deflected Szilas Creeek (nr. 8) to the south may suggest neotectonic uplift (Fig. 6-18). On the 
other hand, this watershed could also be controlled by differential erosion of diverse 
lithologies along the boundary fault of the Pannonian sediments (see in chapter 7). To the east 
of this fault, lithologic differences have no major influence on drainage evolution.  

(2) A structural origin of the valley-floor drainage divide (Rákos Capture; #2) between 
creeks nr. 6 and 7 within the Isaszeg Channel is strongly suggested by the deviation of the 
Rákos Creek. The wide and marshy upper Rákos valley upstream of the Rákos Capture (“#2” 
on Fig. 6-13) and the sudden morphologic change along the valley crossing the Úri Ridge 
(Figs. 6-1, 6-4A, 6-6A) stands for the deflection of this creek in front of an upwarping 
antiform (Fig. 6-18). 

(3) To the north, streams nr. 1b, 2, 3 4a and 4b flow radially away from an up-domed area 
(“#5” on Fig. 6-13), suggesting young uplift along the watershed. This anomaly together with 
the Rákos Capture allow for the presence of a north-south-trending zone of uplift (Fig. 6-18), 
which is also reflected by the rough surface (Table 6-5) and observed slope motions in the 
central part of both Ridges (Photo 6-3A-D). Extremely small concavity of the longitudinal 
profile of the 1a creek (Fig. 6-16), cutting through the northern part of this zone, also argues 
for upwarping. On the other hand, the graded long profile of the deflected Rákos Creek (nr. 6) 
suggests that northwest of the Danube-Tisza watershed, the Úri Ridge is not an area of active 
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uplift and that since the piracy, the stream had considerable time to accommodate its long 
profile.  

 
catch- 
ment SR Ihyp 

hyp 
I-III Dv Dv 

I-III creek σ Lp 
I-IV drainage pattern type  type of deformation of 

the catchment 
1a ↓ IV deflected (E) 1 ↑  III  III 
1b  III radial (N) 

uplift of S and E parts 

2 ↑ ↑ III  III 2  II radial (NE) uplift at the headwaters
3 ↑ ↑ II ↑ II 3  III radial (NE) uplift at the headwaters

4a  III radial (SE)/deflected (E)
4 ↓ ↓ I ↓ I 

4b ↑ I radial/consequent (SE) 
uplift of the NW and SE 

parts  

5 ↓  I ↓ I 5 ↓ III consequent (NW) base level drop to the W
(uplift in the E?) 

6a ↓ ↓ I ↓ I 
6b ↑  III ↑ III 

6  I consequent(SE) 
/deflected (W) 

uplift in the E part and 
base level drop to the W

7 ↓ ↓ I  I 7 ↑ I consequent (SE) uplift at the headwaters

8   II ↑ II 8  III deflected (W) base level drop to the W
(uplift in the E?) 

9a  II deflected (E) 
9 ↑  III ↑ III 

9b ↑ I consequent (SE) 
uplift of the NW and SE 

parts 

10   II ↑ II 10  II centripetal/deflected (SE–
E) 

relative subsidence in 
the central part 

11 ↑ ↑ II  II 11  II radial (N) uplift in the S part 
 
Table 6-5. Neotectonic interpretation of morphometric parameters of the catchments and creeks in the 
Gödöllő Hills. SR: surface roughness; Ihyp: hypsometric integral (high values indicate more dissected 
surface); hypI-III: hypsometric integral – average slope plot (Fig. 6-9; larger number indicates more 
dissected surface); Dv: valley density; DvI-III: valley density – average slope-plot (Fig. 6-14; larger 
number indicates more dissected surface); σ: concavity index (low values indicate streams in juvenile 
state); LpI-IV: position of max. concavity (∆d/D) – max. concavity (zmax) plot (Fig. 6-16; larger 
numbers indicate streams in juvenile state); ↑: high value; ↓: low value; red and green colours indicate 
dissected and smooth surface, respectively. Directions indicated at the drainage pattern type refer to the 
flow direction of the stream. 

 
(4) Streams 4a and 9a (Kókai and Alsó-Tápió) are diverted from the consequent northwest-

southeast strike to take the WSW-ENE direction across the Valkó and Úri Ridges, flowing 
close to the southern rim of their catchment areas (“#3” and “#4” on Fig. 6-13). The sudden 
change in the flow direction and asymmetric position of the trunk channels suggests the 
deflection in front of an emerging obstacle (e.g. an anticline) in the southeast (Fig. 6-18). 
Sliding and mass movements of loess-paleosol sequences (Photos 6-2D, 6-3C) observed in the 
area support middle to late Pleistocene incision, possibly related to tectonic uplift. Moderate 
concavity of longitudinal profiles of the deviated valleys (4a, 9a) from the northwest-southeast 
trend (Fig. 6-16, Table 6-5) support the tectonic influence on the landscape evolution in these 
areas. On the other hand, long profiles of northwest-southeast-trending, non-deflected valleys 
(4b, 7, 9b Fig. 6-16) suggest a state closer to the equilibrium.  

(5) At the southeast termination of the Úri Ridge, a radial stream network has developed 
(Pánd Antiform; “#6” on Fig. 6-13), proposing the existence of neotectonic upwarping below 
the southeast termination of the Úri Ridge (Fig. 6-18). Catchment nr. 11 and the southern part 
of nr. 10 form the northern limb of this radial system. Its southern part is outlined by small 
creeks, which were not included into this study.  

(6) The Gombai Creek (nr. 10) is the trunk channel of a centripetal drainage network 
suggesting relative subsidence north of the Pánd Antiform (Gomba Depression; “#7” on Fig. 
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6-13, 6-18). Alluvial sedimentation in the centre of this depression also support relative 
subsidence. 

Characteristically different topography of the Ridges and the Isaszeg Channel, with their 
sharp, northwest-southeast rectilinear boundaries, may suggest the presence of northwest-
southeast-trending zones of uplift and subsidence (e.g. Balla 1959; Láng 1967). However, 
morphometric analysis suggest that neotectonic deformation occurred independently of these 
topographic units and caused local surface deformation within the units (#1?, #3, #4, #6, #7), 
or in zones crossing several units (#2-#5 and further to the north; Fig. 6-18). 

 

 
 
Fig. 6-18. Locations of structural deformation and topographic domains developed 
mainly under fluvial or wind erosion suggested by the morphometric analysis. Note 
that the boundaries of the topographic units are independent from the zones of 
tectonic deformation. Arabic numbers refer to the streams (see Fig. 6-13), and 
coincide with the nr. of their catchment; Bp: Budapest, G: Gödöllő, Is: Isaszeg, M: 
Mende, U: Úri, Va: Valkó. 

 


