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Most of the miadlo basin of the Danube is oceupied by the alluvial
pleins of the Dunube, the Tisza and their tributaries, On the vast formor
‘ floodplmlns along the rivers there flourishes an intensive agriculture, In
the course of ovolution of the oconomic activity of human society, it was
along the rivers that socigty influonced sarliest and most profoundly upon
the evolution of s natural landseape, The floodplain is one of the most
active zones of tho relief, owing to repented inundations, catastrophic floods,
rapid diSplacemont and effacement of the river boeds, Active natural processos
and progressive human activity tend to accolerate landscape evolution in the
intrazonal regions of the floodplains, Tho preSunt-dqy level of org&nizwtlon
of soclety roquires that these causes underlying the rapid changes, natural
and human, be disclosed onc by onc in their interactions as well,

In tho coursc of the physiographic study of the Hungarian section

"of the Danubo valley we have closely scrutinized also the natural evolution
of the floodplaln lovels, the natural laws by vhich the process is governed,
88 well as the principal cersequences of flood control, river regulation and
agricul tural influence (Pe031 1959, Somogyi 1960), Iack of space forbids, _
however, to enunerate here more than the most general results of these studies




Comstlintlon and evolution of the flocdplain levels

of the Danubo-

The Hungarian scction of the Danube, longer than 400 kiloue trog, is
accompanicd on both sidos by a floodplain, narrow locally, but fairly broad,.
in general, Thin floodplain can bo divided into threo cagily distinguidhed
types (Péosi 1956)¢ »

1, The vast alluvial fan of the Danube in the Iittlc Hungarian
Plains (floodplain of denosition), : /

2, The intramonivno scction of the Danube in the Hungarian Mountains
(velley and meonder torraces — a largely crosional floodplain),

3. The Denube section of the Great Hingarian Plains, where alluvinl

fans and floodploins with meander terraces are interwoven in space and time

@l erosional-depositional floodplain),

1l w Tho dllwial fan of tho Danube in the Litile Hungarian Plains
hardly differs from its surroundings, =8 it has coalescced with the flooflplains
of the tributaries, Tho slope of the floodplaia surface is groatest here in.
 the entirg Hungarian section (about #0 1o 40 em pér' kilomoire), Before flood
control, this part of the alluvial fan froquenily witncssed displocoments of
the main Donube bed, shifts in flow direction, meanderings of latoral branches,
formation of new branchos and f£illing up of old oncs, As a rosult of 1hoesc
procosscs, the floodpla,in'is erisscrossod by more or icss fully filled or |
waterlogged oxbows, depressions limitod by natural levecs, cte,

This is the typical relicef of the so-called low floodplain, which
is in its turn m)ortopped by 1 to 2,5 metroes by the 8o~calloed high fioodplain
level of tho alluvial fan, In tho Little Plains section tho high fl_oodpla.»in
does not cxceed ﬂlo zoro lovel of the river by morec than 5 to 6 me tres, i,e,

it is inundatoed by the highest wators of the greatost floods, The senaon

rupon ted mediumehigh floods cause a rapid minerogenctic £illing (siliing up)
of the deprossions of ths low floodplain level, whereas farther off the main
bed tho orgn: : '

is also caccaniored, Ta the river

1 pyavel, whereas the £lood

mzau
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covoring,; the oatlre floodplaia spreads o cover of 0,5 to 1,5 n of sandy loessy
(B*Lv )

The bue.mr ings of tho evolution of the alivvial fan in the Littl
Plains date back i iho Plois tocere (Rigs glacinl thase), Holocene and late
Pleistocene deposite, J,ar'é;oly' of gravel, are cncountered in superposition
a3 well ag in Intoral succssaion, (Flg, 2), The ancient riverbeds fillied with
silt and clay, penotrating into t% snndy and gravelly body of the floodplain
to a depth of 1 to 2.5 m, rmay corsidersbly influence the movement of ground

EA)

water, Nanmoly, *he level of tho river botwson the loveos may for protrocted
porilods bs as high ‘aS, or higher than the flocdplain level beoyond tho levees,
In such cases the gravelly and gandy buase of the floodplain becomes saturated
with highrfrljress\z.r'e ground vator and in places where the silty cover above the

quo*v is thin (mostly cn the flanks of the oxbows dissoec bzng uri’ace),
there are Upsurges of wafor and the depressions and oxbows get filled, (F:Lg, 3 s
Undersoopage in the aquifers wnder the levess has &lready resulted in cot-
astrophic :‘_.hw‘xdatiohs of the protocted areas,

| 2.+ In tho intromontanc soction, the socond type of i‘loodplun

is characterized by narrow meandor terraces or terrace isles formed by the
resection of meanders, In thoese scctions the low floodplain level tends to Do
' 1nvor~uornted in the pregsent-day bed, and the high floedplain level is pree -
sorved but in the form of fairly marvow sickle-shaped rags, The floodplain
levels are shor*aly torninatod by tha flank of the Tirst terraco above flood
lovol, (}":\.go 4y,

Fig. 4 shows tae floodplain to bo dominated by erosion, with the

500 bo=
low the first terrace sbove flood lovel, Both the latest Pleistocene (II/a)

bn,ues and gurfaces, reslvoctz.vely, of the flroadplnin Tavols vaing in

and early Holoeccne (I) terrace constitute low steps above the present dny
high i‘loo‘dpla.lia level, while in the case of the floodplain of deposition the
river-1aid deposits occur in the normal, stratigraphic succession, or at most

begide each other, The narrew iulcusonicne > floodplaing are covered in their

entiroyy Ly the b Tloods, but the rocession of the floods is also. much

more rapid than in the foregoing caso,
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point of view, the third type of flood-

o BYCRm 2 morphogons i
plain characterizes the Doaube secticn in the Groeat Hungarian Plains, It is
essentially a combinntion of the above two types in space and time, South of
Budapes 1, the erosilomal~depositionai floolplain in the (reat Plains reaches
over into Jugoslavia, having an overail Llongth of more than 200 km and an
average width of 25 to 30 kn, The CGreat Plaing ype of floocdplain bears in

the broader vicinity of Budapest elongate isles flavked by living and dammsde-

up river branches, These isles bear in their *turn iate Flieis tocene terrace
isles, Tho marginal band of 1e floodplain iikewiso has o fringe of late
Pleistocene torracos, At the some hive there oceur Holocene deposits also in
the alluvinl-fan type of Succesulony, thnt 13, above or besidc the late Pleistom
cere deposita, A schematic profile of the Danube floodplain in the northern
r'éa.ches of the CGreat Plains is givon as E:"_gv Se¢ Amoir; the relief forms of tho
f].oodpla.in‘; one encounters besides those described under I also numerous
shallow but spacious oval depfegsions,

In the broad floodplain of the Danube in the Great Plains one may
'obsorc*ve among others a type of parameander which is not g product of the
meandering of the former Da ube beds, ILocally this form is called n "vein";
it i's' a channel which conducted the flood waters of thy river duwarle the
deeper, marginal rogiony of the floodplain, The beds of these meandering
"reins® are flanlked by narrow levecs standing out 2 to 3 metres above the
mean level of the low floodplnin, (F‘ig«;q‘ 6), The parameanders cr-issdrossing
the floodplain constitute a honeycoib structure of ill-drained or drainage~
less flat basin~shaped depresgions, In tffﬁezn? temporary salt and soda lakes
camo to existence in the times before fiood control, Their drainnge frequently
left over flats covered with salty or alkali soils or poor quality meagre
Swanpy meadows, Their intensive wiilization is coh*’;;ingent upon up-to~date
methods of woil ameliocration and grounc-winter conirol, | \

In tlo southorn part of the Groat Plains, floods of the Danubo as
high as 8 to 10 m wore fairly froquent in the olden +time and may still have
condidereble duration, Deposition of susponded load was intense all over the
' floodplain, now being restricted to the zone between the lovees, The relief
of the floodplsain is fairly smooth, al thovgh most of 14 was e ,Ewnf‘l,, e

worked by tho river in the course of the Holocene,




Principal relationships beiwsen regime, load and con-

stitution of the floodplain

In the before-outlined three distinctive types of floodplain the

" relatlve altitude of the low and high floodplain level, respectively, is

in a close correlation with the levels of. the medium, high and hxghest floods
of the river, In the alluviel-fan {ype floodplain in the Iittle Plains, the
highest level of tho Danube is 5 10 6 m above zero, and so is ihe level of the
high floodplain, In the southern part of the Groat Plains, where floods of 9
to 11 metres above zero level nay stay on for wecks owing to the gentle glope
of the bed, the level of the high iloodplaln attaing 9 to 10 metres above
zoro level, It is here that the mantle of silt and sandy silt is thickest,

' ' The floodplain levels. (1mproper1y called floodplain terraces) of

the Danube valley plain wore and still are the results of erosion and des
p081tion by the floods of various h01ght and duration of the river, The
various floodplain lovels arc, in congequcnce, essentially syngenetic forms
with no substantial age difference between them, although in alluvial-fan
type valley'sections late Pleistocene and early Holocene deposits may occur
gide by side with younger sediment, and the older formations may have been
repeatedly reworked in the course of the divagations of the river,

- A dotal]ed analysis of the riverbed profiles and of the geolngical
proflles across. the floodplnln permitted to draw certain conclusions of
fairly gonoral validity as to the mechanics and nature of deposition in the
floodplain;'In its actual bed, the Danube erodes kettle-shaped depressions
having a naximun depth of 8 to 10 netfés~below zero level, only to fill them
" up with sedinent at a subsequent stage, The kettles; rhythmically spaced along
the bottom of the bed, arc displaced in the dircction of flow, Now taking into
consideration also the lateoral displacement of the bed one sees how tho sedi-
ments could havo been rew0rked to a depth of about 10 metres in the whole
floodplain area, The coarsest sediment was invariably deposited in the ke+ttles
propor, wheroas in the bed above lowest water, the sediment became 1ncrcun1ng1y
finer Wlth the flncst, suspended load having been deposited in the form of
fine sand, floodplamn 8ilt and loessy 8ilt all over the floodplain; as high

—\50-!
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a8 5 t0 9 metres above zoro level, (In‘present times, high floods of the
Danube tend to carry a Susponded load of about 1000 g/cu, cn, Most of the
nean annual amount of some 10 million Cu,vm of susponded load is moved in
flood times, and mos+t of it is deposited in the floodplain aftér the flodd.)‘
Tho result is .a deposit, 15 to 18 motres thickgzoflfine sediment, sproad in
the course of ‘the youngor part of the Holoceno, when the Danube has already
assumed its prosent rogime and mechanism, (Fig, 7)e The floodplain deposits
of the Danube include two grain slzo clagscs, The one is'the,coarse gravel
and sand of the deep bed and of. the kettloms the other is the finer sand and
8ilt of the shoal parts of tho bed and of the floodplain proper, _

This genoral outline of the floodplain profile may locally be: sube
stantially complicated by an involvoed network of filled-up dend branches and
oxbows, as has bYeen illugtratod on Fig. 7o

Evolution of the floodplain lovols

and "its relaticrs to society

The regulation of the Danube, the flood control works and levees
have had &.doublé influence on the evolution of the floodplain, Firstly, the
floods have beon contained in s narrow zone snd thus given the possibility
of a more rapid dbatement, and the meanderings of the bed, the rapid shifts
of the banks, the formation of oxbows, cte, have been checked, Thus; the 
Seasonal activity of the river in the vast floodplain beyond the levees camé
to an end; the evolution of the relief hns since been governed thers by
“human influence, by pedogeny and to a smaller scale by eryogenic godimentation,,
Secondly, since flood control anmual high waters, mostly of considerable
duration, have largely erhanced the modelling dctivity of the river in the
flood zone betweon the leveos, In the extreme, this mey have regulted in
seriqus wnderseepage, saturation of the leveos, upsurges of wator beyond the
levees .and formation of waterlogged depregsions which in their turn have in-
fluenced the evolution of vegetal aSsociations and soils in tho‘fopmor flood-
plain, Since the flow is quiclkor, particularly at timos of flood, the quantity ‘
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of minercgenic gediment deposited in the flood zone is less than before, Never—
theless, the depressions of the meanders dammed up naturally or artificially
between the levoes are very rapidly being filled up by silt owing to frequcnt
inundations by muddy woaters, Although this process started hardly more than

a centwry ago, it has rcached - as proved by the‘sorutihy of ancient maps and

by observations in the fisld ~ widely different stages in different places,

1, Artificially dammed-up meanders, communicating by undefseepage
with the main bed, Intense mineral and organic sedimentation gonerally results
in considerable reduclion of tho ancient bed, with parts of it being laid dry
at low water, in spite of the existing morphological and hydrogoographic link
with the main bed, Type of the *living“ oxbow lake (Fig, 8),

2. In the wurse of»sedimonfaticng‘stagnant’OXbow 1akeé nmay have
developed in the beds of ancient meanders, In then, the'reed»and—sedgé Biges

- sociations may flourich so much as to cover up all the water surface, ib whlch
case tho marsh stoge sets in (Fig, 9).

3. Dry meandors, isolated from the main bed, have generaily cont=

pletely been sWamped~by floodplain vegetation and have largely been incorpo=
rated in the low floodplain level, Morpho]oglc 1inks with the actual main bed
are very scarce (Fig, 10),

4, Filled-vp dry parameanders, In the course of evolution of the

'neandors, tho mein meandors left behind arcuste bands of lateral meanders,

" The filling up of these has reached a stage whon all that is left of them is

a gentle arcuate depression a few metres across, Beyond the leveces, where
these depressions have even more thoroughly been levelled by agriculture, their
existence is only proved by the elovation of the ground water table or by pecu-
liar colourations of the soil as sesn on aeria1 photos.

5. The type of swampy meanders far off the main bed is the reauli
of a different process of cvolution, In those reaches where the floodplain is
sufficiently broad so that most of the suspended load is deposited at times
of flood close to the main bed, thoe vicinity of the bed is clevated against
the marginel parts of the floodplain, In this case there may ocour SWamp—covered
meanders and depr0851ons along the margins of the flood area, In them, meadow
and swanp type sbils arc formed under the inflvence of a marsh and swamp vegew

totion, This process is nost typicel beyond the levees, in the cut~off meanders.

-~ 7 vy
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and long dead branches far off the main bed (Fig, 6),

The larger parf of the floodplain is situnted to-day outside the
ievees, where flobd control has slowed down the natural filling wp of meanders
and straight lateral branches and thus preserved their outlines, As the ground-
water movement in the floodplain area has also subs tantially been affected by
flood cohtrol, most meanders, ete, have dried up much soonsr than would have
been the cose within the levees, The natural evolution outlined in the- above
points did not take place beyond the levees except in the large meanders or
1ateral branches which are soasonaily filled with stagnant waters (Fig, 11),

“Oxbow lakes outside the zone of inundations are fairly rare nowadays, Most of
the meanders in such pesitions have been invaded by agriculture, This has put
an ond to their natural evolution, substituting it by a nan~controled process,
Howover, in order to correctly plan~and carry out this transfornatlon of
anture in the present and in the future, the teachings of the process of na-

turnl evolution must constantly be kept in mind,
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Fig., 1 Structure of the low and high floodpiaih;'
1 - grey sandy silt, 2 - yellowish'gréy sil%y,clay, 3 - yollow

‘sandy silt, locally clayey, 4 - fluvial sand, 5 ~ fluvial gravel,
~ sandy gravelyg ad ~ low floodplain, md - high floodplain,

Fig, 2 Skotch profile of the floodplain-level alluvial fans of the
Danube in ‘the Little Hungarian Plains, '

I - main beds with shoals, superimposod unddr tholinfluonce of
the regular inundations of their surroundingsy II -~ meandoring
loteral bedsy H = Recent gravel = alluvial fan redeposited by
- the meandering beds, W - Wirm gravel, with traces of cryoturbation,
R~W - gravel of the Riss and of the Riss~Wirm interglacial with
 younger and older forms of cryo turbation, : :
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Fig, 3 Typo of the floodplain lovel in the subsiding sections and on
; the alluvial fan,
1 ~ late Pleistocene gravel and sond, 2 ~ egrly Holocono gravel,
3 = young Holocene rivorlaid deposit, 4 = {loodplain silt, silty
gand, 5 ~ wind-blown sand, riverbank duncj o4 - low floodplain,
mé - high floodplain, INV - level of highost floods,:

w terraces in. the mountainous sections

- Fig, 4 Floodplain l'eve_l's and lo
c of the river valley,

INV - level of highest floods,
mé ~ high floodplain lovelj I -

ad ~ low floodplain level,
‘early Holocene terrace (first

torrace above flood lovel)s IT/a =~ torrace formed at the end

of the late Ploistocenc,

w 10 =
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Fié; 5 Type of the floodplain.levels of the Danube south of Budapest,

ad - low floodplain level, m4 = high floodplain level, INV =
level of highest floods, A « main bed of Danube, B =~ oxbow of
Danube, C =~ Pliocene clay; II/a - terrace of the end of the
late Pleistocone; II/b - Wirm terrace, '

Fig., 6 Type of river flats with alkali soils surrounded by paramecander
levees in the floodplain of the Danube in the Groat Hungarian
Plains,

I - parameanders and their natural leveesy mid - high floodplain
level, ad = low floodplain levely IT ~ oxbow noar the margin of
the floodplain, filled with turf and covored by a swamp voge tations
1'- meadow soil, 2 = river-laid locssy silt, pale yellow, 3 =
sandy loessy silt, polé yellow, 4 - silty sand, 5 - swamp clay,
meadow clay, salt and soda clay, clayey soil, 6 - peat, muck,

T = fluvial sand, 8 - wind-borne sand, 9 ~ loessy sand, sandy
loess, : o
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Fig, 7

Sk 10m
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0
Fig, 8 Filling up of an artificially dammed-up meander within the lovees,
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Ske tch profilé of the floodplain deposits of the Danube,

a =~ longitudinal section of the bod, b = cross section of tho
bedy 1 = bedrock, 2 - graded gravelly deposit, passing into
finer varieties upward, 3 = fluvial sand, 4 -~ fluvial sandy
gilt, 91il%, somo cloy, 5 = loess, 6 =~ wind-blown sands A - flood-
plain, od - low floodplain, md ~ high flpodplain, LNV ~ level

of highest floods, KOV ~ mean water level, O - zoro water level,

Xifg - Xom oW xyje . Aife. ’“’/f" ){(//e Hanube: x .

m -~ oxbows connccied by ground water to the river, R - meadow
goil buried by floodplain silt; IT ~ convex bank, rapidly silt-
ing up, Nanoc¥porion level of the low floodplaing IV =~ cphemeral
oxbow lake, levels of Caricetun acuiilow ripeice and Seirpe to
Pharaognitetung X - lovel of Salicctum triandracy XI - of sali-

cetun albae fregilisg ALY ~ high floodplain covered by the vegetal N
agsociation of Ulmetun hunguricum,
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Fig., 9 Isolated oxbow 1nke and the swampy state of its £illing wp,
0 - isolated oxbow, '
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Fig., 10 Type of igolated dry oxbow,
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Phases of the filling up of isolated oxbows and meanders outside
the flood-control levees, ;

o = dry meander, occasionally covered with filtrating waters,
b - dry meander and minor paromeanders covered by humid meadows,
locally also by salt and soda flats, some of them tilled,

9 - 10 - 11

II ~ level of Nanocyperion
III~ Caricctum acutiformis-ripariae, ophomeral or permanent

_ swamps ,
IV - Caricetum acutiformis-ripariae levol
V - sworp meadow (Agrostidetum) :

VI ~ humid meadow (Festucetum pratensis)

VIII « green pastureland (Inliate-Cynodonte tum)
X =~ Salicetun triandrae (willow shrub) zone

¥I - Sglicetum albae fragilis zonc '

XII~ Querceto~Ulme tun hungnricum zone }
XV ~ periodically water-covered arca
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