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Abstract

The aim of our research was to identify and map the paleo-channel
systems on the alluvial fan of the Maros River and to analyse their spatial
characteristics. The study on flow directions, horizontal channel parame-
ters and paleo-discharge of the channels can help to forecast the maxi-
mum flood discharge and channel changes influenced by climate varia-
tions. The paleo-channel generations on the Maros alluvial fan form 13
zones with well defined boundaries. These zones can be either dominated
by meandering (5), braided (2), or the mixture of meandering and braided
patterns (3). The remaining three paleo-channel zones exhibit an anasto-
mosing pattern but they were not analysed in this study. The horizontal
morphological parameters of the braided, the meandering and the misfit
channels were measured. Based on these morphometric parameters and
regional discharge equations the bankfull discharge of the meandering
zones was calculated. The greatest discharge was around 2655 m®/s while
the smallest was 27 m*/s in case of a misfit paleo-channel. Based on the
slope conditions the alluvial fan was divided into three parts. The greatest
slope (31.0 cm/km) was found in the central part of the alluvial fan,
whilst slightly lower slopes (23.8 cm/kmand 24.9 cm/km) characterise its
axial and distal parts. These parameters refer to a normal radial profile of
an alluvial fan. The channel pattern changes are in close relation with
differences in slope. This is the most obvious in zone No. IX, where
braided channels transform into meandering and then braided again from
east to west in accordance with slope conditions.

Keywords: paleo-channel, paleo-discharge, morphometric
parameters, slope conditions

INTRODUCTION

Paleo-hydrological data play an important role in under-
standing the response of rivers to climate change. For
example precipitation and runoff conditions can be recon-
structed by calculating paleo-discharge data. There are
several methods to reconstruct the hydrological conditions
of the past. Some studies use proxy data, for example the
ratio of stable oxygen isotopes or the rate of the high-
resolution magnetic susceptibility, but morphometric
parameters of alluvial channels can provide more precise
data (Stein et al., 2004; Carson and Munroe 2005;
Scheurle et al., 2005; Saenger et al., 2006).

Scheurle et al. (2005) applied paleo-oceanographic
stable oxygen isotope (5'°0) to determine paleo-discharge
of the Elbe River. They analysed the rate of isotopes in
calcareous shells of marine animals and correlated it to
salinity, thus the ratio of salty- and freshwater (referring to
paleo-discharge) were estimated. Saenger et al., (2006)
applied the same method, but besides they modelled the
precipitation conditions of the drainage area too.

Sedimentological,  geochemical and  micro-
paleontological proxy data of surface sediments also allow
the reconstruction of paleo-climatic conditions. High-
resolution magnetic susceptibility record was used to
estimate sediment fluxes and their relationship to paleo-
environmental changes by Stein et al. (2004). The vari-
ability of sediment fluxes during the Holocene was related
to the changes in discharge and coastal erosion input.

Carson and Munroe (2005) applied dendro-
hydrology to reconstruct mean annual discharge and
precipitation data. The width of an annual tree ring re-
flects the yearly hydrological conditions and also refers
to the near-surface temperature, evapo-transpiration and
precipitation (Werritty and Leys, 2001).

Since there is a close relationship between discharge
and different channel parameters, a wide range of paleo-
discharge calculations exist (Gabris, 1970, 1986; Sylvia
and Galloway, 2006; Timar and Gabris, 2008). For exam-
ple Sylvia and Galloway (2006) reconstructed Late Pleis-
tocene discharge mostly based on horizontal channel pa-
rameters of the paleo-channels, whilst Lauriol et al. (2002)
beside morphometry also analysed fluvial deposits to
study paleo-climatic conditions. The most frequently
studied channel parameters in paleo-discharge calculations
are radius of curvature, wavelength, channel width and
depth. Williams (1984) emphasized the regional validity
of these equations, thus the equations can be used only in
the same geographical environment and for the same river
dimensions the equations were derived from.

In the Carpathian Basin Gabris (1986, 1995) and
Timar and Gébris (2008) made paleo-discharge calcula-
tions using meander wavelength to study Holocene climate
change and the discharge of scour-channels.

On the Hungarian part of the Maros alluvial fan
dense paleo-channel systems can be identified, but their
flow directions and pattern have not been studied in
detail before, though they can provide useful informa-
tion on Late Pleistocene and Holocene climate changes.
The aim of the present study was to identify the aban-
doned channels and to determine their horizontal mor-
phometric parameters on the Hungarian part of the
alluvial fan. Our further goal was to calculate paleo-
discharges using existing equations. Meanwhile, slope
conditions, being potential causes of longitudinal pat-
tern change on the alluvial fan were also investigated.
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Fig. 1 The study area is on the Hungarian part of the Maros alluvial fan (SRTM model)

STUDY AREA

The alluvial fan of the Maros River has a semi-
circular form with a 80-100 km radius (Mike, 1991).
It is bordered by the Ko6rds River and its floodplain in
north and by the Tisza River and its incised floodplain
in west. The alluvial fan stretches also to Romania
and Serbia, but in the present study only the Hungar-
ian part (3640 km?) was studied (Fig. 1).

The area of the alluvial fan is affected by tec-
tonic movements (Nador et al., 2005, 2007). Certain
parts are characterised by intensive subsidence, e.g.
the Békés Basin or the Mako-Hodmezévasarhely
Graben, while others are sinking more slowly, thus
exhibit a relative uplifting, e.g. the Battonya-
Pusztafoldvar Horst (Joo et al. 2000; Dovényi 2010).
Throughout the Quaternary the direction of channels
was controlled by the different tectonic activity of the
above mentioned areas. The channels slid down from
the rising areas and changed their directions towards
the sinking basins frequently (Nador et al., 2005),
thus the body of the fan is characterised by interca-
lated sediment layers (Molnar, 2007). However, the
history of the alluvial fan has not been cleared yet.
According to Mike (1991) the evolution of the allu-
vial fan started in the Late Pliocene when the South
Transylvanian Basin was drained by the Maros (So-
mogyi, 1961). However, based on the sedimentary
sequences of the alluvial fan Molnar (2007) con-
cluded that the development of the alluvial fan started
just in the Early Pleistocene. According to Andd
(1976) and Borsy (1989) the formation of the young-

est parts started in the Late Pleistocene or in the
Early Holocene. It was supported by the measure-
ments of Gabris (1986), who revealed that the Szaraz
Brook was an active Maros channel or tributary
channel in the Boreal Phase. According to Nador et
al. (2007) the Maros River turned to its present direc-
tion during the Middle or Late Holocene, as it is re-
flected by a gravel layer in the sedimentary structure
of the alluvial fan. The reconstruction of the devel-
opment of the alluvial fan is especially questionable
along its boundaries, where the sediments of the Ma-
ros are intercalated with that of the neighbouring
rivers (Molnar, 2007). The flow directions of the
paleo-channels are not well known either. According
to Marton (1914) the Maros had no well-defined
channel until the Pleistocene, as it was split into sev-
eral secondary channels. The frequent changes of
river course were also emphasized by Andé (2002),
who mentioned four main flow directions during the
Pleistocene. According to Mike (1991), the Holocene
Maros channel shifted on the alluvial fan frequently,
but in each case at first it turned to north-east then
towards to the south. However, Somogyi (1961) sup-
posed a similar drainage network like nowadays at
the end of the Pleistocene. The paleo-discharge was
determined just for a limited number of paleo-
channels (Gabris, 1986) and it showed that in the
Boreal Phase mean discharge was similar (160 m?/s)
to the present-day discharge of the Maros (Fiala et
al., 2006).

The surface of the alluvial fan is covered by
loess, sandy loess sand fluvial sediments containing
silt and clay (Dovényi, 2010). The alluvial fan is rich
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in fluvial forms, dominated by paleo-channels, scour-
channels and cut-offs, though in some places sand
deposits were blown out and dunes were formed. The
Battonya Horst is poor in fluvial forms, as it lies more
than 3 meters above the alluvial fan surface and is
mostly covered by loess.

METHODS

To identify the fluvial forms on the Maros alluvial fan
a digital elevation model (DEM) was created using
1:10,000 scale topographical maps under ArcGIS 10.
software with a horizontal resolution of 2 m. Based on
the DEM, the paleo-channels, mid-channel bars and
point-bars were identified and used for determining
channel patterns (braided, meandering, anastomosing
and misfit) following the classification of Leopold and
Wolman (1957) and the definitions of Rosgen (1996).
Considering the pattern and the spatial distribution of
forms on the surface the alluvial fan was divided into
13 paleo-channel zones. In case of the braided paleo-
channels their width (W), channel length (L.) and
valley length (L,) were measured, and their sinuosity
(S) (channel length / valley length) was calculated. In
case of the meandering and misfit paleo-channels the
radius of curvature, (R.), half-wavelength (L) and
chord-length (H) were determined. The radius of cur-
vature was deriveted from the largest circle fitting at
least at three points to the centre-line of the meander.
Half-wavelength was measured between two inflec-
tion points along the centre-line (the inflection point
was understood as the mid point of the straight section
between two bends). Chord-length was equal to the
straight distance between two inflection points. Lac-
zay (1982) classified river bends based on the ratio of
half-wavelength and chord-length (B3 = L/H), and
defined various development phases. Gabris (1986)
suggested that from Laczay’s classes only the so
called developed and well-developed meanders should
be used in paleo-discharge calculations. Finally, pa-

laeo-discharges were calculated applying the regional
equations developed by Stimeghy and Kiss (2011).

During the research we were regularly faced to
the problem of sudden pattern changes along the pa-
leo-channel zones. To resolve this phenomenon, the
slope conditions of the alluvial fan were also studied.
The alluvial fan was divided into three belts (axial,
central and distal) according to the basic morphologi-
cal units of such forms (see Rachocki, 1981). The
slope of belts was determined along radial lines fol-
lowing the paleo-channel zones. To study slope varia-
tions in detail, the slopes of the floodplain and the
channel were also measured. Floodplain slope was
determined along the paleo-channels, ca. 10 m away
from banklines, whilst channel slope was defined
along the centre-line of the paleo-channel. The en-
trenchment ratio was calculated by dividing the flood-
plain slope with the channel slope.

RESULTS AND DISCUSSION
Morphology of the paleo-channels

Paleo-channels appear in almost continuous zones (13)
with well-defined boundaries (Fig. 2). The mean length
of paleo-channel zones is 42 km and the adjacent flood-
plain sections are 4.1-8.7 km wide in average. Zone No.
IX has the largest territory (474 km?), while zones No. 11
and VI are the smallest (ca. 99 km?). Each paleo-channel
within a zone has a typical channel pattern, though in
some cases pattern-changes could also be detected (Ta-
ble 1-2). Two of the 13 zones (No. Il and IX) are domi-
nated by braided channels, though occasionally mean-
dering sections do also appear. Five zones have only
meandering paleo-channels, two of them are misfit (No.
I and V). Three zones (No. XI, XII and XIII) are domi-
nated by meandering channels with short braided sec-
tions. The remaining three zones (No. II, VII and X)
exhibit an anastomosing pattern (although sub-channels
are meandering, due to uncertain bifurcation points these
were not analysed further on).

Tablel Morphometric parameters of braided paleo-channels
(A: area, W: channel width, L.: channel length, L,: valley length, S: sinuosity)

Zone Az Channel pattern W (km) Le Ly S
(k) Min Max (km) (km)

. g iig dominantly braided ig g:g 62.2 50.2 1.24
IX. 474 dominantly braided 11 34 51.1 435 1.17
XI. 452 dominantly meandering 0.8 3.0 13.0 11.8 1.10
XII. 213 dominantly meandering 0.8 5.1 204 18.0 1.10
XII1. 375 dominantly meandering 1.6 25 12.0 116 1.04
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Fig. 2 Paleo-channel network on the Maros alluvial fan. The paleo-channel zones are indicated by Roman numbers (1-X111). In the lack
of absolute age data, at the present stage of the research numbering is based on the morphologically presumed succession of channels

Table 2 Mean values of horizontal channel parameters in the meandering paleo-channel zones and at subordinate meandering sections
(R¢: radius of curvature, L: half-wavelength, H: chord-length)

Area Number of analvsed Horizontal parameters (m)

Zone (km?) Zone pattern meanders Y R, L H
y 206 meandering 42 202 845 519
misfit 81 106 340 229
V. 164 meandering 15 312 1201 710
v 207 mean'de.ring 30 208 1008 435
misfit 137 67 228 147
VI. 99 meandering 14 528 2175 1246
VIII. 187 meandering 13 478 1472 1113
IX. 452 dominantly braided 14 587 2394 1402
XI. 348 dominantly meandering 55 349 1331 807
XII. 213 dominantly meandering 18 297 958 712
XII1. 375 dominantly meandering 32 656 1775 1390
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Fig. 3 Cross-section of a braided channel in zone No. I11/b

The minimal width of braided channels varies be-
tween 0.8 and 2.3 km, while their maximal width is
between 2.5 and 5.1 km (Table 1). The two dominantly
braided channel zones (No. Il and 1X) stretch from the
apex of the alluvial fan to its distal, western border,
therefore their channel length is between 51.1 and 62.2
km, whilst the length of their valley is 43.5 and 50.2 km
respectively. The sinuosity of the braided channels is
between 1.0 and 1.2, which fits well to the Leopold and
Wolman’s classification (1957), having a 1.5 value as a
threshold. The forms of the two dominantly braided
channels are almost entirely recognisable, though some
sections have been reworked by younger meandering
and misfit channels. Their natural levees are approxi-
mately 1.0-1.5 m higher than the surrounding floodplain
surface (Fig. 3).

On the northern part of the alluvial fan, which is
dominated by meandering zones, three braided paleo-
channel remnants were found. They are only 12.0-20.4
km long and their valley length is 11.6-18.0 km. Certain
sections were reworked by meandering channels, thus
the banks and the bars partially disappeared.

Meandering channels occupy the southern and
western parts of the alluvial fan. Concerning the mean-
dering zones the value of mean R, varies between 202
and 656 m, L is 845-2394 m, while H is between 435
and 1402 m (Table 2). However, the number of the ana-
lysed bends was quite different in each zone. The fewest
developed and well-developed meanders (in all 13) were
identified in paleo-channel zone No. VIII, while there
were 55 such meanders in the zone No. XI. The greatest
horizontal channel parameters were measured in zone
No. XIIl (R;=656 m), and in zone No. IX (L=2394 m,
H=1402 m). The smallest mean ratio of curvature
(Re=202 m) and half-wavelength (L=845 m) was meas-
ured in zone No. I, while the smallest chord-length

(H=435 m) was in zone No. V (Fig. 4). Thus, in case of
each parameters the difference in mean values is almost
threefold (2.8-3.2).

Decreasing discharge resulted the development of
misfit channels (zone No. | and V), which then re-
worked the material of the original channel. The mean
half-wavelength of misfit paleo-channels is 228-340 m,
while the mean chord-length is 147-229 m. The mean
value of the radius of curvature is varying between 67-
106 m. Values related to the original meanders are 2-4.5
times greater than that of the misfit bends (Table 2).

As according to Gabris (1986) developed (B=1.1-
1.4) and well-developed (p=1.4-3.5) meanders are the
most appropriate for paleo-discharge calculations, the
development phase of the bends was also calculated.
Concerning mean values two out of the nine meandering
paleo-channel zones (No. XII and XIII) fall into the
developed class, while the remaining seven zones are
well-developed (Table 3). For all zones the paleo-
discharge calculations were carried out using the mean
horizontal channel parameters and the formerly created
regional equations (Siimeghy and Kiss, 2011).

The greatest mean bankfull discharge was calculated
for paleo-channel zone No. IX (2655 m?s). This value
equals to the present day flood discharge (2400-3200
m?/s) of the Tisza River (Sandor, 2011) and slightly higher
than the present day peak discharge (2420 m®s) of the
Maros River (Sipos, 2006). On the alluvial fan there are
two other paleo-channels with bankfull discharges above
2000 m%s (zone No. VI and XII1). Four paleo-channels
(No. IV, VIII, XI and XII) have a mean bankfull discharge
around 800-2000 m%s, which is similar to the mean dis-
charge of the Tisza (800 m*/s, Timér, 2003). In zone No. I.
original meanders could have four times greater bankfull
discharge (493 m%s) than younger, misfit channels (119
m®/s). The difference is even greater in case of zone No.
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Fig. 4 Mean radius of curvature (R,,), half-wavelength (L) and chord-lendth (H) values of the meandering
paleo-channel zones and the number of the analysed meanders

V., where the original discharge was ca. 508 m*/s, while
the discharge of the misfit channel was only 27 m%s. In
these cases the earlier discharge of the paleo-channel
zones is similar to the present-day bankfull discharge of
the Maros (680 m%s, Sipos, 2006) and lower than the
mean discharge (600 m®/s) of the Tisza (Sandor, 2011).
The bankfull discharge values of the misfit channels are
close to the minimum discharge (31 m®s) of the present
day Maros (Sipos, 2006).

Slope conditions on the alluvial fan

The height difference between the highest (103 m asl) and
lowest (77 m asl) points of the alluvial fan is almost 30 m.
The greatest slope was found in the central part of the fan

(mean slope: 31.0 cm km™), whilst slightly lower values
were experienced in relation with its axial (23.8 cm km™)
and distal parts (24.9 cm km™, Fig. 5). These parameters
reflect the normal radial profile of an alluvial fan (Ra-
chocki, 1981) referring to coarse sediment deposition in
the central zone of the alluvial fan (Lecce, 1990).

Our aim was to find relationship between slope and
channel pattern. The mean channel slope of meandering
zones is 12.3 cm km™ and of the braided channels is
slightly higher, 17.6 cm km™. Therefore, in the central part
of the alluvial fan, which has the greatest surface slope,
more braided channels or braided channel sections were
formed than in the distal zone, which is characterised by
mostly meandering channels.

Table 3 The B-values (L/H) refereeing to the development phase of bends and the calculated mean bankfull discharges (Qyy). Dis-
charge calculations were based on the radius of curvature (R.), half-wavelength (L), chord-length (H)

Bankfull discharge (m®/s)
Zone B
R. L H Qps Mean

| 1.68 649 423 405 493
1.46 225 70 61 119

V. 1.80 1154 765 770 896
Y 2.35 673 570 281 508

155 58 13 10 27
VI. 1.73 2199 2087 2376 2220
VIII. 1.40 1919 1076 1899 1631
IX. 1.80 2497 2462 3006 2655
XI. 1.58 1327 908 998 1078
XIl. 1.30 1084 524 774 794
X1, 1.29 2853 1474 2955 2427
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Fig. 5 Slope calculations were made along radial lines following the paleo-channel zones in the axial, central and distal parts of
the alluvial fan (cm km™)

The entrenchment ratio of braided paleo-channels is
between 1.0 and 1.4, while meandering paleo-channels
are more incised (entrenchment ratio: 1.5-2.0), and in
case of misfit paleo-channels the ratio is above 2.0.
Comparing the longitudinal slope profiles it becomes
clear that in case of the braided paleo-channels longitu-
dinal profiles of the floodplain and of the channel are
almost parallel. In contrarily, the profiles of the mean-
dering and misfit channels are convergent towards
downstream. This can be explained by the tectonic uplift
of the apex part of the alluvial fan or by an intensive
accretion on the distal parts.

The relationship between channel slope and the chan-
nel pattern changes is the most conspicuous in zone No IX.
The channel pattern is braided in the axial part of the allu-
vial fan, meandering in the central part and in the distal part
is braided again. These changes are reflected in channel
slope as well. The channel slope is 22.4 cm km™ in the
eastern part, 19.2 cm km™ in the meandering zone and 25.6
cm km™ where the pattern changes and braided pattern
appears again. The pattern change shows similar character-
istics in other zones as well, thus the slope of braided chan-
nels is usually higher than that of the meandering ones.

CONCLUSIONS

The surface of the Hungarian part of the Maros River
alluvial fan was divided into 13 paleo-channel zones
based on the channel pattern and morphometric pa-
rameters of the identified paleochannels. These zones
showed braided, meandering, misfit and anastomosing
patterns, though in some zones have a mixed character.

Braided paleo-channels are exceptionally large,
their mean width varies between 1.4 and 3.7 km. They
are bordered by 1-1.5 m high natural levees, and their
channel is dissected by bars. The sinuosity of the
braided channels is between 1.0 and 1.2, being under
the threshold (1.5) of Leopold and Wolman (1957). The
longitudinal profile of the floodplain and the braided
paleo-channels are almost parallel (entrenchment ratio:
1.0 and 1.4). These channels mostly appear in the cen-
tral zone of the alluvial fan, where the surface slope is
the highest (its mean value is 31.0 cm km™ and the
maximum slope is 49.0 cm km™), thus these channels
could play important role in the sediment transportation
and aggradation of the alluvial fan. Similar braided
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pattern can not be found nowadays in the Carpathian
Basin, but they were more abundant in former geological
times. Some braided paleo-channels were found on the
Romanian part of the Maros’s alluvial fan with very simi-
lar channel parameters. Braided paleo-channel generations
were also identified in the Middle Tisza Region (Gébris et
al., 2001) dating back to the Late Glacial Maximum and to
the Younger Dryas periods. However, on the alluvial fan of
the Herndd and Sajo Rivers braiding channel networks
were not identified on the surface despite of the frequent
channel changes (Nagy and Félegyhazi, 2001; Nagy,
2002).

Meandering channels on the alluvial fan have a
highly variable size. Values horizontal morphometric pa-
rameters were the lowest in the case of misfit channels
(Rc=67-106 m, L=228-340 m, H=147-229 m), thus they
had the smallest bankfull discharge (27 and 119 m%s).
Nevertheless, much larger meanders do also exist on the
alluvial fan (Rc=202-656 m, H=845-2394 and L=435-1402
m) with bankfull discharges between 490-2650 m%s. The
meandering paleo-channels are mostly located in the cen-
tral and distal parts of the alluvial fan. Their channel slope
varies around 12 cm km™. The entrenchment ratio of me-
andering channels is between 1.5 and 2.0, referring to
slight incision. Floodplain and channel slopes are conver-
gent downstream referring to tectonic uplift at the axial
part of the alluvial fan or intensive downstream accumula-
tion.

According to the calculations of Gabris (1986), the
mean discharge of the Szaraz Brook (in paleo-channel
zone 1) varied on the alluvial fan between 34 m%s and 307
m?/s. In the present study the paleo-channel of the Szaraz
Brook was classified as a misfit channel. In zone No. I its
mean bankfull discharge was 119 m%s, while the older
meandering paleo-channel, in which it was developed, had
a ca. 500 m*/s mean bankfull discharge.

Comparing the calculated bankfull discharge to the
present values of the Tisza and Maros we found that the
largest meandering paleo-channels had bankfull discharges
(2427-2655 m*/s) similar to the present-day peak discharge
of the Maros (1600-2500 m®/s, Fiala et al., 2006) and the
flood discharge of the Tisza (2400-3200 m%s, Sandor,
2011). The discharges of medium sized meandering paleo-
channels (493-794 m*/s) are around the present day bank-
full discharge of the Maros (680 m*/s, Sipos, 2004) and the
mean discharge of the Tisza (800 m®s, Timar, 2003).
However, the smaller, misfit paleo-channels transported
only 27-119 m*s water, comparable to the minimum dis-
charge of the Maros (31 m%/s, Sipos, 2006).

Acknowledgements

The research was supported by the
HURO/0901/266/2.2.2 cross-border project and the
100761 OTKA research grant.

References

Ando, M. 1969. Kords-Maros kozi siksag. In Pécsi, M. (ed): A tiszai
Alfold. Akadémiai Kiado, Budapest, 300-325.

Andé, M. 1976. Groundwater-geographical and hydrogeological conditions
of the talus system of the River Maros. Acta Geographica Szegedi-
ensis Tom XVI., 39-57.

Ando, M. 2002. A Tisza vizrendszer hidrogeografidgja. SZTE Természeti
Foldrajzi tanszék, Szeged, 89-107.

Borsy, Z. 1989. Az Alféld hordalékkupjanak negyedidészaki fe-
jlodéstorténete. Foldrajzi Ertesitd 38 (3-4), 211-224.

Brice, J.C. 1964. Channel Patterns and Terraces of the Loup Rivers in
Nevraska. Geological survey professional paper 422-D. United
States Government printing office, Washington. 39-73.

Carson, E.C. , Munroe J.S. 2005. Tree-ring based stream flow recon-
struction for Ashley Creek, northeastern Utah: implications for
palaeohydrology of the southern Uinta Mountains. The Holo-
cene 15 (4), 602—611.

Dévényi, Z. (ed.) 2010. Magyarorszag kistajainak katasztere. MTA
Foldrajztudomanyi Kutatointézet, Budapest, 274-289.

Fiala, K., Sipos, Gy., Kiss, T. 2006. Szabalyozasok hatasara bekovet-
kez6 morfoldgiai valtozasok a Tisza és a Maros also szakaszan.
In Kiss, A., Mez6si, G., Stimegi, Z. (eds.): T4j, kornyezet és tar-
sadalom. Unnepi tanulmanyok Keveiné Barany Ilona professzor
asszony tiszteletére. 203-213.

Gabris, Gy. 1970. Fiatal medervaltozasok kutatisanak modszerei a
Sajo hordalékkupjanak példajan. Foldrajzi Kozlemények XVIII,
294-303.

Gabris, Gy. 1986. Alfoldi folyoink holocén vizhozamai. Alfoldi Tanulma-
nyok, 35-48.

Gabris, Gy. 1995. A paleohidrologiai kutatasok wjabb eredményei.
Féldrajzi Ertesité 44, 101-109.

Gabris, Gy., Félegyhazi, E., Nagy, B., Ruszkiczay, Zs. 2001. A Kozé-
ps6-Tisza vidékének negyedidészak végi folyovizi felszinfe-
jlédése. Foldrajzi Konferencia, Szeged.

Joo, |., Balazsik, V., Gyenes, R. 2000. A jelenkori fiiggbleges felszin-
mozgasok és a Dél-kelet Magyarorszagon végzett szeizmikus
mélyszondazasi adatok Osszehasonlitdsa Geodézia és Kar-
togrdafia 2000/5.

Laczay 1. 1982. A folydszabalyozas tervezésének morfologiai alapjai.
Viziigyi Kozlemények 64, 235-255.

Lauriol, B., Duguay, C.R., Riel, A. 2002. Response of the Porcupine
and Old Crow rivers in northern Yukon, Canada, to Holocene
climatic change. The Holocene; 12 (1), 27-34.

Lecce, S.A. 1990. The Alluvial Fan Problem. In: Rachocki, A. Church,
M. (eds): Alluvial Fans — A Field Approach. John Wiley &
Sons, 3-24.

Leopold, L.B.,Wolman, M.G. 1957. River channel patterns: Braided,
meandering, and straight. Physiographic and hydraulic studies of
rivers. Geological survey professional paper 282-B. United
States Government printing office, Washington. 39-73.

Marton, Gy. 1914. A Maros alfoldi szakasza és fattyimedrei. Foldrajzi
Kozlemények 52, 282-301.

Mike, K. 1975. A Maros geomorfoldgidgja, A Maros kialakulasa és
fejlédése. In: Csoma, J., Laczay, I. (eds.). Vizrajzi Atlasz Soro-
zat 19. kotet. Maros 1. fejezet. Hidrografia, geomorfologia. Bu-
dapest, 14-18.

Mike, K. 1991. Magyarorszag Osrajza és felszini vizeinek torténete.
Aqua Kiad6, Budapest, 361-577.

Molnér, B. 2007. A Maros foly6 kialakuldsa és vizgyiijto teriiletének
foldtani felépitése. Hidrologiai Kozlony 87 (2), 27-30.

Nagy, B. 2002. A felszinfejlédés késoé-pleisztocén-holocén jellegzetes-
ségei a Sajo-Hernad hordalékktpon. Féldtani Kozlony 132
(kiilonszam), 93-100.

Nagy, B., Félegyhazi, E. 2001. A Sajo-Hernad hordalékkup késopleisz-
tocén mederhalozatanak vizsgalata. Acta Geographica ac Ge-
ologica et Meteorologica Debrecina 35, 221-232.



Morphological and hydrological characteristics of paleo-channels 19
on the alluvial fan of the Maros river, Hungary

Nador, A., Thamoné Bozso, E., Magyari, A., Babinszki, E., Dudko, A.,
Toth, Z. 2005. Neotektonika és klimavaltozas egyiittes hatdsa a
Koros-medence késo-pleisztocén — vizhalozat-fejlodésére. A
Magyra Allami Foldtani Intézet Evi Jelentése, 131-148.

Nador, A., Tham6-Bozs6, E., Magyari, A., Babinszki, E. 2007. Fluvial
responses to tectonics and climate change during the Late
Weichselian in the eastern part of the Pannonian Basin (Hun-
gary). Sedimentary Geology 202, 174-192.

Rachocki, A. 1981. Alluvial Fans — An attempt at an empirical ap-
proach. John Wiley & Sons, 3-24.

Rosgen, D.L. 1994. A classification of natural rivers. Catena 22, 169—
199.

Saenger, C., Cronin, T., Thunell, R., Vann, C. 2006. Modelling river
discharge and precipitation from estuarine salinity in the north-
ern Chesapeake Bay: application to Holocene palaeoclimate.
The Holocene 16 (4), 467-477.

Sandor, A. 2011. A hullamtér feltoltédés folyamatanak vizsgalata a
Tisza kozépsO és alsé szakaszan. PhD dolgozat, JATE Press,
118.

Scheurle, C., Hebbeln, D., Jones P. 2005. An 800-year reconstruction
of Elbe River discharge and German Bight sea-surface salinity.
The Holocene 15 (3), 429-434.

Sipos Gy. 2004. Medermintazat és zatonyképzédés homokos medrii
siksagi folyoszakaszon (Maros 31-50 fkm). Geografus Dokto-
randuszok VIII. Orszagos Konferenciaja, Szeged. CD. ISBN:
963-482-687-3

Sipos, Gy. 2006. A meder dinamikajanak vizsgalata a Maros mag-
yarorszagi szakaszan. PhD dolgozat, 138p.

Somogyi, S. 1961. Hazank folyohaldzatanak fejlodéstorténeti vazlata.
Foldrajzi Kozlemények 9, 25-44.

Stimeghy, B., Kiss, T. 2011. Discharge calculation of paleochannels on
the alluvial fan of the Maros River, Hungary. Journal of Envi-
ronmental Geography. 4 (1-4), 11-17.

Stein, R., Dittmers, K., Fahl, K., Kraus M., Matthiessen, J., Niessen F.,
Pirrung, M., Polyakova, Ye., Schoster, F., Steinke, T., Fiitterer
D.K. 2004. Arctic (palaeo) river discharge and environmental
change: evidence from the Holocene Kara Sea sedimentary re-
cord. Quaternary Science Reviews 23., 1485-1511.

Sylvia, D.A., Galloway W.E. 2006. Morphology and stratigraphy of
the late Quaternary lower Brazos valley: Implications for paleo-
climate, discharge and sediment delivery. Sedimentary Geology
190, 159-175.

Timar, G. 2003. Controls on channel sinuosity changes: a case study of
the Tisza River, the Great Hungarian Plain. Quaternary Science
Reviews 22, 2199-2207.

Timar, G., Gabris, Gy. 2008. Estimation of water conductivity of natural
flood channels on the Tisza flood-plain, the Great Hungarian Plan.
Geomorphology 98, 250-261.

Werritty, A., Leys, K.F. 2001. The sensitivity of Scottish rivers and
upland valley floors to recent environmental change. Catena 42,
251-273.

Williams, G.P. 1984. Paleohydrological Equations for Rivers. In: Costa
J. E. — Fleisher P. J. (edts.): Developments and Applications of
Geomorphology. Springer-Verlag. Berlin Heidelberg, 343-367.



