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ABSTRACT
We made a hydrogeomorphologic comparison study

between Martian ancient riverbeds in the Chryse Basin region
and the main (recent and ancient) rivers - with Tisza as main
river - of the Central Carpathian Basin. In the comparison me-
andering morphological characteristics were used according to
four parameters: discharge, slope, rock and soil quality and
planetary surface gravity. We concluded from this study that
meandering characteristics of Martian river channels
imply flowing water; while left-over river valleys or ox-
bow lakes show the longer history of flowing water in
the studied area.

INTRODUCTION: CHRYSE RIVERBEDS
Many works dealt with flow rate of the Martian an-

cient rivers surrounding Chryse Basin [1], [2], and discussed
similarities or analogies of the main rivers (Ares, Tiu, Simud,
Shalbatana, Kasei) with some terrestrial counterparts [3]. Out-
flow channels on Mars once had extremely large water dis-
charge [1], [2]. These studies investigated the upper, greater
slope regions of these riverbeds. We now study the lower,
slower, meandering region of Martian rivers. From meandering
parameters not only flow rate can be estimated but also their
historical development. For comparison we used Carpathian
Basin rivers for terrestrial counterparts [4-6]. {The most mean-
dering river on the Earth is Rio Jurua (Brasil), the largest of
them is Mississippi, while the "most uniformly meandering
river in Europe is Tisza River of Hungary" - as wrote Czaya in
1998. [7]}

DEVELOPMENT OF MEANDERING RIVERBEDS
The meandering rivers are in dynamic equilibrium in

their capability of sediment transport and kinetic energy [8]. It
does not deepens its bed or builds islands, but it meanders.
The morphological characteristics of meanders are

Fig. 1. Two segments of a meandering river valley of a
smaller river on the Xanthe Terra at 6N 49W. MGS MOC
m0305754 (ida.wr.usgs.gov) [10].

determined by 2 main groups of parameters: 1) con-
nected to the energy of the river (water discharge, water
velocity, the angle of the average slope of the terrain),
and 2) connected to the materials of the riverbed
soil/rock composition and homogeneity. In the case of
homogenic bedrock the meander formation is ~uniform
in the whole length of the river [6]; loose bedrock mate-
rial or larger kinetic energy results in wider bends. A 3rd
type of parameter in planetary comparisons is the value
of surface gravity.

In addition to morphological characteristics of
meanders, study of the cross section of river valleys can
provide other data about the development of the river
(i.e. terraces etc.) [1],[2], [9].

ANCIENT MEANDERS OF TISZA
The landscape development of the Great Hun-

garian Plain was determined by accretion of sedimentary
layers by rivers during the last 1.5 - 2 M.y.s. On the 40000
km2 surface the thickness of the river transported upfill-
ing sedimentation is 500-1000 meters in average. The
recent relief was modified on two greater regions in the
basin by the winds, but the traces of ancient rivers and
floods can be recognized on the 2/3 of the recent surface
of the Great Hungarian Plain.

Fig. 2. Ancient riverbeds, dead channels and oxbow
lakes following the Tisza river before its controlling in
the Hortobágy region, Jász-Nagykun-Szolnok County,
Hungary (map of Cholnoky from the XIXth C.).

There is a maximum amplitude for meanders.
When one meander reaches this size, it cuts off this bend,
producing oxbow lakes or dry riverbeds.

In wet periods (like the springs in 1999 and
2000 years) there were extremely good conditions to de-
termine ancient riverbed generations of Tisza, because of
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the visibility of ancient riverbeds and flooding. This ex-
tremely favorable visibility on satellite and air photo-
graphs means that even those riverbeds can be identified
which has no any sign on the terrain. The color contrast
of the ancient water-visited beds comes from the differ-
ent water containing capacity of the layers below the
surface soil.

Using these good observational possibilities we
began to study the sedimentation, the morphology and
accumulations phenomena of the river's ancient trans-
porting and flooding processes. On the basis of these
observation we estimated the transporting capacity of
ancient rivers (from as large rivers as Danube to as small
as creeks) and their relative ages.

On Mars, recent high resolution MOC images
[10] made it possible to investigate the smaller river
channels (river beds), while on Viking images mainly
river valleys are visible. For example in Nanendi Vallis
the river channel is visible in the valley which support its
origin by slow erosion of running water [11] (Carr 1999).
On Mars in many cases ancient river beds has been oblit-
erated by eolian processes (sand).

Paleohydrologic parameters can be calculated
from the river beds and valleys morphological charac-
teristics. Such calculation were made for outflow chan-
nels ([1] and [2] for Kasei Valles). In our investigation we
use the bending (meandering) parameters (its degree of
development) of two kinds of meandering: for valley
meanders and free meanders [12]. We are also searching
for other signs of meandering: old rivers beds, oxbow
lakes, meander terraces. The bending parameters of old
riverbeds can be used for paleohydrographic examina-
tions which show the effect of climatic changes on rivers
(for holocene rivers: [5]). Since the parameter of one bend
depends on random variables, only statistical examina-
tion can provide accurate results, which give the average
parameters for each different segment of the river.

MEANDER PARAMETERS OF THE DEVELOPMENT
OF ANCIENT RIVERBED GENERATIONS

Meandering geometry is in relation with the
development of the water discharge of a river and with
the slope of the terrain. Meander geometrical sizes (L:
length of bend arc) and the water discharge (Q) are
linked in the formula:

L = a Q b , where a and b are and b are
constant for a type of river meander and water discharge
[1]. (Especially the arc length of a meandering between
two inflexion points of a river's given meander is in pro-
portional relation on a log/log diagram with the 10 %
probability floods, for Tisza river [1], [2].) Such relations
can be used for the estimation to the water discharge of a
river if we now its meandering geometry.

In our study we compared river bends using the
following parameters:
- (1) length of arc between inflexion points;
- (2) chord length (linear distance between inflexions);
- (3) Amplitude
- (4) central angle, the angle of the two radii normal to
the inflexion points)

For the classification of the bends we used the
classes used in Tisza controlling studies, where matured
bend is determined as L=1,1-1,4 chord length, [13].

CONCLUSIONS AND SUMMARY
Free meandering rivers or river beds can be

found in high resolution MOC images. Using river me-
ander parameters it was possible to calculate the water
flow rate of the ancient Martian rivers, by their compari-
son to Earth rivers. (Most large Martian rivers cut off its
valley, where bending occurs mainly because of relief
conditions (crater rim), while outflow channels show a
island building characteristic.)

Our conclusion is: (1) the free meandering char-
acteristics of Martian river channels imply flowing wa-
ter; (2) left-over river valleys (or oxbow lakes) show evi-
dences of the longer history of flowing water in the given
area. We continue our investigation in more detail. An-
cient and recent bends of Tisza river proved to be a good
counterpart for Martian meandering riverbed compari-
sons because their main hydrogeomorphological parame-
ters are comparable.
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APPENDIX
Historical notes on controlling works of Tisza river in
Hungary. There long traditions in Hungary to study the
wandering of Tisza river and investigate ancient river-
beds because of the great number of floods of this river
in the historical past. Especially the maps of the river
made before 1830 (beginning of the controlling works)
are extremely valuable. In the case of the Mississippi
river experiments carried out on sand map between
1942-44 by the Mississippi River Sommission are impor-
tant counterparts. (W. Lászlóffy, 1949, [6])
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