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Abstract

This model claims that the surfaces of planation once produced by some erosional 
processes, were reshaped in the later geological periods by repeated, alternating 
erosional and accumulation processes on the morphostructure also repeatedly 
affected by tectonic uplift, subsidence and horizontal displacement.

According to this model, late Mesozoic tropical etchplanation with paleokarst and 
bauxite formation did not continue during the Tertiary in the Transdanubian 
Mountains of Hungary. As a consequence of multiple differential tectonic subsidence, 
most of the range was buried in various thickness and at various intervals. This burial 
was followed by complete or partial exhumation on at least three occasions 
(Paleogene, Neogene and Quaternary). During repeated burial and exhumation the 
Cretaceous tropical etchplain was affected by further erosion or accumulation 
through non-tropical processes (such as peripedimentation, marine terrace 
formation, alluvial fan building and others). In the horst series of the Transdanubian 
Mountains, divided by graben-like basins, the position and evolution of the 
geomorphological surfaces allows the identification of some main groups:

1 . (semi)exhumed horst of etchplanation in summit position;
2 . buried horst of etchplanation in uplifted position;
3. horst of etchplanation in threshold position, buried or exhumed and 

reshaped, mostly pedimented;
4. buried etchplain in basin position;
5. peripediments, rock pediments, locally buried under detritus.

The model of geomorphic surface evolution through alternating erosion/accumulation 
does not only apply to the Hungarian medium-height mountains, but also to
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numerous other geomorphological regions, eg. the Alpine-Carpathian-Dinaric 
Mountains, several old mountains and massifs of Europe and other continents.

Introduction

The term geomorphological surfaces denotes plains and gently sloping slopes, which 
are the products of erosion, of accumulation or of their combination, under the 
influence of tectonic processes. Their formation may be dated from their correlative 
sediments or by other methods.

For the timing of successive formation of landforms, ie. for a reconstruction o f the 
denudational chronology, an interpretation of the different geomorphological surfaces 
is needed. Several models were proposed for the development of erosional surfaces 
(landforms) on great continental morphostructures. Some of these have become 
classic (DAVIS, W. M. 1906, 1922; PENCK, W. 1924; KING, L. C. 1949, 1962; 
BUDEL, J. 1957 and his followers, BULLA, B. 1958; BREMER, H. 1986).

1. According to DAVIS, the peneplain (ultimate peneplain) is the final product of fluvial erosion on 
different humid regions. The almost plane surface is the penultimate phase of the planation at the base 
level.
2. PENCK's Primarrumpf (primary peneplain) is a plain surface just emerged above the sea level. 
Piedmonttreppen (piedmont benchlands) are explained by fluvial erosion and retreat of valley sides. 
Erosional surfaces on slowly but uniformly elevating morphostructures may be explained this way.
3. According to KING, pediplanation also takes place by the retreat of slopes on slowly but 
continuously elevating terrains, especially under semiarid climates, where the rate of the mechanical 
weathering exceeds that of the chemical one. Retreat of slopes results in a gradual surface lowering 
and pediplain formation. According to KING, pediplanation is the most widespread process reducing 
relief, this way it replaces DAVIS' peneplain theory.
4. BUDEL proposes that the double etchplain (doppelte Einebnungsflache) is an erosion surface 
created by intensive lateritic deep weathering and strong washdown (stripping) of the thick weathered 
rock under a seasonal dry and wet tropical climate.
5. A pediment is a gentle erosional foothill slope in front of a steep mountain slope, generally formed of 
hard rock. Pedimentation is admitted to be the most general erosional, planation process. McGEE, W. 
J. (1897) believes that a river, on leaving a mountain, deposits most of its load, while the rest of the 
sediment transported causes lateral planation (corrasion). The pediment is covered by a thin layer of 
sediment, deposited by sheetwash or by small rivers under a semiarid climate.

Several researchers adhere to the above models for the origin of surfaces o f 
planation, while others criticise or modify them. In one respect these models are 
uniform, they suppose that the studied surfaces were formed during long geological 
times, when uplift was slow, continuous or periodical. It is generally admitted that the 
highest situated geomorphological surfaces are the oldest, the lower ones are ever 
younger. Such presumptions might only be valid for a part of the cases and for some 
geological times.

Presumably the planation surfaces (models 1 to 5), explained by different processes, 
might be attributed to effects of as many different geographical environments. If this
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is true, each of these models and conceptions generally represent genetically and 
climatologically different morphofacies rather than one single, global type of surface. 
It must be mentioned that these early models of planation surfaces were based on 
fixist tectonism.

In this presentation we want to introduce a polygenetic model o f geomorphological 
surface evolution, through processes acting on different morphostructures affected 
by plate tectonic events, particularly in orogenic belts. The units studied were 
horizontally displaced over great distances, tectonically dismembered, recurrently 
uplifted and subsided, thus the planation surface became repeatedly buried, 
elevated and exhumed again (PEiCSI, M. 1970a,b).

Polygenetic morphostructures with planation surfaces, which were shaped under the 
influence of alternating erosional and depositional processes of long duration, were 
removed from their original place and carried over long distances, passing under 
various climatic belts. This way units of most different genesis might have come in 
each other's proximity.

The tectonic and geomorphic history of the Transdanubian Mountains (western 
Hungary) was used as a model for the evolution of such polygenetic planation 
geomorphological surfaces. Geological and geomorphological studies of the last half 
century served as a basis of a new geomorphological evolutionary model, differing 
from the previously mentioned ones (PEzCSI, M. 1968, 1975, 1993; SZEzKELY, A. 
1972).

Discussion

The Transdanubian Mountains (TM) is a low range of slightly folded structure, built 
mainly of Mesozoic and Paleogene carbonates (limestone and dolomite), affected by 
overthrusts and faults. Horst and graben structures are common, delimited by mainly 
NE-SW and NW-SE running structural lines. In the southern foreland a thick 
Paleozoic sequence of south Alpine affinities underlies the similarly thick Mesozoic 
strata (Fig. 1).

Comparative structural investigations proved that the TM was a part of the carbonate 
platform formed at the northern margin of the African plate in the southern Tethys, 
during the Triassic. During the rifting and subsequent convergence of the Tethys this 
unit was overthrusted on an oceanic crust fragment, the Penninic unit. The TM, as a 
part of a microcontinent, was subsequently carried into the southern Alpine area, 
wherefrom, in late Cretaceous/Paleogene times it was horizontally shifted into the 
Carpathian basin (HORVATH, F. 1974; G^CZY, B. 1974; WEIN, GY. 1977, 1978; 
BALLA, Z. 1988, HAMOR, G. 1989; FULOP, J. 1989; STEGENA, L. and HORVATH, 
F. 1978).
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During the late Triassic and early Jurassic the low and extended carbonate platform  
of the TM was cut into a horst and graben structure. In the grabens the 
sedimentation went on during the Jurassic and early Cretaceous. On the elevated 
parts a long lasting continental downwearing went on during the Jurassic and 
Cretaceous. The upper Triassic carbonates were affected by tropical karstification, 
accompanied by bauxite formation. Cockpits and tower karst may have been formed 
under tropical savanna climate with humid and dry seasons, simultaneously with 
bauxite formation. The initial sediments of the bauxite formation were resedimented 
from siliciclastic areas by sheet wash and by small rivers. Lateritification was 
simultaneous with karstic planation. Witnesses of this marked tropical karst planation 
were buried and preserved by lower Cretaceous (Albian), upper Cretaceous, and, 
locally, Paleogene sediments in the TM.

Fig. 1 Profile across the Bakony Mountains (after WEIN, Gy. and P£CSI, M.)
1 = Holocene-Pleistocene fluvialsand and gravel, alluvial plain; 2 = Upper Pannonian sand 
and clay; 3 = Lower Pannonian (Miocene) claymarls; 4 = Lower Miocene-Upper Oligocene 
gravel and sand (in the Dudar Basin); 5 = Eocene coal seams and carbonate rocks; 6 = Lower 
Cretaceous (Aptian, Albian and Cenomanian) limestones and calcareous marls; 7 = 
bauxite and related formations; 8 = Jurassic limestones; 9 = Upper Triassic dolomites and 
limestones; 10 = Middle Triassic limestone; 11 = Lower Triassic siltsstone, marl and 
limestone; 12 = Permian sandstones and conglomerates; 13 = Upper Carboniferous granite 
porphyry; 14 = Lower Carboniferous conglomerate and shale; 15 = Silurian - Devonian 
phyllite and marble; t = uplifted remnant of tropical etchplain; ft = buried etchplain; e = 
exhumed etchplain, locally covered with Miocene gravel; pe = mountain margin benchland; 
h2= Pannonian marine terrace; h, = piedmont surface (pediment); g = Pleistocene piedmont 
surface formed on moderately consolidated sediments (glacis); k = remodelled tropical 
etchplain in threshold position; T6t-2 = prospect drilling; S-D = Silurian-Devonian; T .T j.T j,= 
Lower, Middle, Upper Triassic; M= Miocene; PI, = Lower Pannonian (Upper Miocene); Pl2 = 
Upper Pannonian (Upper Miocene);

Buried surfaces of karstic planation may be found between horsts, forelands and on 
horsts, buried with Cretaceous or Tertiary strata (Figs. 2 and 3).

The tropical karst planation surface of the TM was slightly remodelled between the 
late Cretaceous and middle Eocene ( Laramian tectonic phase?). On horsts summits
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it was well preserved, but on the margins pediments were formed due to early 
Eocene subarid coarse clast production. Dolomite karst towers and bauxites, if not 
buried, were eroded or resedimented.

During middle and late Eocene the area of the TM became an archipelago. Most of 
its territory subsided continuously, but not uniformly. The sea inundated the low 
horsts and intramontane basins. Bauxite bearing karstic surfaces of etchplanation 
were often buried during the Eocene.

Bauxite lenses in sinkholes, capped with Eocene layers, are often interpreted as a 
result of a continuation of tower-karst plain formation and bauxite genesis in the first 
part of the Eocene (BARDOSSY, Gy. 1977; MINDSZENTY, A. et al. 1984). This 
would mean that such bauxites are not merely products of Eocene redeposition of 
earlier deposits. We think, however, that early Eocene conditions characterised by 
dolomite breccia formation were not favourable for bauxite genesis and tower karst

WNW ESE

Fig. 2 Geomorphological surfaces in the V6rtes Mountains in Hungary
A = exhumed horst in summit position, a remnant of slightly remodelled Cretaceous 
etchplain; C = horst in foothill position; C, = totally buried; C3 = totally exhumed; D= buried 
surface of etchplain in intermontane graben position; D-| = intermontane graben, filled with 
molasse and alluvial fans; E = glacis d’erosion with terraces; E-| = rock pediment and glacis 
d'erosion; F = remnants of marine terrace (Upper Pannonian); G = submontane basin with 
river and glacis terraces; t,-t4= fluvial terraces; mt, = marine terrace; 1 = alluvium and 
meadow soil; 2 = alluvial fan; 3 = loess and loess-like sediments; 4 = Pannonian sandy and 
silty formations; 5 = Sarmatian formations; 6 = Miocene gravel and sand; 7 = Oligocene sand 
and clay formations; 7a = Oligocene lignite; 8 = Eocene limestone; 9 = Cretaceous bauxite;
10 = Triassic dolomite and limestone; 11 granite; 12= Carboniferous metamorphic rocks

evolution. Under a subaridic climate predominantly coarse clastics were formed and 
transported by ephemeral water-courses and pedimentation prevailed (PEzCSI, M. 
1965, 1970b).
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From the Eocene-Oligocene boundary the TM was uplifted and the previously 
submerged and buried parts were eroded. Some segments or entire horsts were 
exhumed and subsequently pedimented. There are several horsts, where bauxite 
and tropical tower-karstic surfaces were preserved under a thick Eocene limestone 
cover (Fig. 3).

During the second part of the Oligocene the horizontal shift of the TM was going on, 
its subsidence was highly differentiated. This is supported by the fact that sediments 
of differing facies (coarse clasts, gravel, sand and clay) were deposited on the 
surface of the TM, which moved eastward. The sediments originating from some 
higher, crystalline mountains in the vicinity.

Fig. 3 Alternating erosional/accumulational planation surfaces of the Buda Highland in Hungary (after 
P£CSI, M. and WEIN, Gy.
A = exhumed, planated surface in uplifted position; B = buried Cretaceous etchplain in 
uplifted position; C = surfaces of planation in uplifted position: 1) totally buried, 2) partially 
exhumed, 3) totally exhumed; D = buried surfaces of planation in graben position; E = glacis 
d'erosion; 1 = Pleistocene loess and wind blown sand; 2 = Pleistocene travertine; 3 =
Pliocene sand, clay, travertine; 4 = Sarmatian conglomerate, and limestone; 5 = Upper 
Oligocene sandy clay, silt; 6 = Middle Oligocene clay; 7 = Lower Oligocene marl; 8 = Lower 
Oligocene sandstone; 9 = Eocene formations; 10 = Eocene reworked bauxite and 
conglomerate; 11 = Eocene acid dyke; 12 = Upper Triassic Dachstein Limestone; 13 = Upper 
Triassic Hauptdolomite; 14 = Upper Triassic coarse dolomite; 15 = Upper Triassic cherty 
dolomite; 16 = Upper Triassic marl, limestone, dolomite; 17 = Middle Triassic pink dolomite;
18 = Middle Triassic Diplopora-bearing dolomite

During the Miocene (from 24 to 5.5 Ma) the relief of the TM and its close environs 
changed repeatedly and fundamentally in consequent tectogenetic phases, 
horizontal and vertical displacements, subduction, a powerful volcanic activity, partial 
transgressions and regressions. These processes resulted in a geomorphological 
inversion at the end of the Miocene. The Mountains was uplifted to a moderate
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altitude, but definitely over its surroundings, for the first time during the Tertiary. On 
its sinking north-eastern part andesitic volcanoes erupted during the middle Miocene 
(15-14 Ma BP). Deposition of terrestrial gravel and other clastics continued on the 
margins of planation surfaces, with some interruptions.

On some low-lying Mesozoic horsts and in intramountain small basins the remnants of etchplains were 
newly but incompletely buried during the late Tertiary. On tectonically uplifting horsts the old tropical 
karsts were exhumed and remodelled.

During the late Miocene by the Sarmatian and Pannonian transgression (ca 13 to 11 
Ma BP) the TM subsided again, but adjacent regions to the south and north (Little 
Plain and Transdanubian Hills) were subsided at higher rate thus the TM remained a 
mainland or an archipelago (JAMBOR, A. 1989). Some mountain groups, marginal 
horsts and intram ountain grabens were buried, in fact, fo r the third or fourth time 
during the Tertiary, under Pannonian sands and freshwater limestones, at an 
elevation close to the base level.

During the late Miocene the majority of horsts in the TM were at an elevation of 100 
to 200 m above the Pannonian lake level. Due to the uplift and climate turning from 
subhumid to semiarid, pedimentation processes intensified along the margins of 
horsts for short periods (eg. at the Sarmatian-Pannonian boundary). Morphological 
evidence of deflation are wind-abraded and polished rocks, sand blankets, iron- 
varnished pebbles, iron-oxide concretions, meridional valleys and ridges (yardangs), 
which were formed during the late Miocene.

Horsts uplifted during such periods and especially at the end of the Pannonian were stripped off a 
cover of Oligocene and Miocene clastic sediments. In some spots marine shelves were formed, 
preserved by travertine deposits (Fig. 4). The horizontal displacement of the TM into its recent 
structural position lasted from the end of the Oligocene (BALDI, T. 1982; HAMOR G. 1989) to the 
middle Miocene (12-10 Ma BP, BALLA, Z. 1988, KAZM£R, M. 1984), when the subsidence of the 
Pannonian basin started. From about this time tectogenetic processes caused repeated subsidence 
and uplift of the horst groups and grabens of the TM, upward movements dominated. This resulted in 
formation of marine terraces, deltaic deposits and erosional foothill slopes on marginal parts of the 
mountains.

At the beginning o f the Pliocene (5.4 Ma BP) uplift intensified. From the late Miocene 
on the climate shifted to a subhumid one. In consequence, a considerable part of the 
Tertiary siliciclastic, gravel, sand cover of the TM was eroded and redeposited on the 
forelands. On the unconsolidated molasse like sediments a broad hillfoot surface 
took shape, while in the forelands wide alluvial fans were deposited. The hot subarid 
climate was interrupted several times and followed by subhumid warm periods. This 
increasingly favoured the cyclic development of red and variegated clays.

Neither the considerable time span of variegated and red clay formation nor the cause of the subhumid 
climate has been investigated in details. The effect of these events on the morphological evolution also 
needs further studies.
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Tl T2a
Fig. 4 Geomorphological surfaces and travertine horizons in the Gerecse foreland (PirCSI, M., 

SCHEUER, Gy. and SCHWEITZER, F. 1988)
t|-tV || = river terraces usually covered by travertines (T-|-T7) and loess; P|-P|| = Pliocene 
pediment surfaces covered by travertines (T8-T9); rn|-rnm = Upper Pannonian (Upper 
Miocene) raised beaches covered by travertines (T i0-T12); T0= Paleogene-Neogene planation 
surface sculptured by Oligocene-Miocene pedimentation with sporadic gravels.
Paleomagnetic polarity according to MARTON, P. and PEVZNER, M.A.

In the Bakony Mts. (western TM) basaltic tuffs and lava were deposited over late 
Miocene and Pliocene foothill surfaces. The basalt-capped mesas are witnesses of 
the removal of about 100 to 200 m thick Pannonian sequence.

Neogene and Quaternary geomorphological surfaces (Miocene marine terraces, 
delta gravel deposits, Pliocene foothill surfaces, Quaternary terraces and alluvial 
fans) were often preserved by hard travertine deposits capping them (Fig. 4). A part 
of these geomorphological surfaces are predominantly erosional (foothill surfaces, 
glacis), others were formed by the joint work of accumulation and erosion. The most 
different elevation of Miocene foothill surfaces, marine terraces and Danube delta 
gravel renders their correlation difficult. In the Visegrad Gorge of the Danube valley 
pediments were formed on andesitic rocks, presumably during the same interval.

During the Quaternary some horst groups of the TM were further uplifted in a 
different manner (max. 200 to 250 m). In this period valley terraces, alluvial fan 
terraces, cryoplanation glacis surfaces were shaped which are juvenile erosional and 
accumulational surfaces. The number and elevation of different geomorphological 
levels are decreasing toward the forelands and basins (P£CSI, M. e ta l. 1988).
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In the Danube bend, near Visegrad, the Mesozoic surface of the TM lies about 1-1.5 
km below the sea level, covered by thick Oligocene to middle Miocene epicontinental 
molasse-like deposits. Volcanic rocks of the Visegrad Mountains and, partly, of the 
Borzsony Mountains, cover thick middle Miocene (Badenian) sandy deposits 
(JUHASZ, E. et al. 1995). Along the Danube Bend there is a Tertiary molasse 
corridor, where these volcanic mountains formed during a rather short time, between 
15 and 14 Ma BP. This young volcanism along the molasse trough could hinder but 
not prevent the flow of the Paleo-Danube the carrying water and sediment of 
confluent rivers from the foreland of the northern Alps, the eastern Alps and western 
Carpathians towards the Great Hungarian Plain.

Consequently, the Paleo-Danube most probably acted as a morphological and 
sedimentation agent in the molasse trough between the Buda-Pilis Mts. and Naszaly 
of the TM. Thus, the Miocene quartz-pebble containing delta remnants, high valley 
foothill surfaces and half plains of planation may be interpreted on the volcanic build
ups around the Visegrad-Gorge.

Erosional surfaces and denudation chronology

In the Transdanubian Mountains the Mesozoic horsts on which bauxite-bearing 
ancient tropical karst forms are found overlain by thin Upper Cretaceous or Eocene 
sediments are regarded as remains o f the Cretaceous tropical etchplain from a 
geomorphological point of view (Fig. 3). Depending on their orographic position, 
these buried horsts may occur in uplifted position (summit level), as lower-situated 
steps or also in threshold position. Their surfaces, however, as fundamental 
morphogenetic surfaces existed already in the Cretaceous and considerable 
reshaping did not follow during the subsequent repeated exhumation accompanying 
uplift. It is also common that the Oligocene sandstone covers conformably the 
ancient etchplain characterised by tropical tower karst, bauxite and red clay (Fig. 3).

In most cases, during exhumation only the Tertiary sedimentary cover was removed 
from the horst etchplanated in the Cretaceous and buried in the Tertiary, thus the 
exhumed ancient etchplain represents the geomorphological surface.

There are horsts in great number covered by Eocene and Oligocene clastic rocks, 
whose ancient surfaces were not merely lowered but also remodelled. In this case 
the surface of the horst is identified as a younger reworked e.g. Oligocene 
geomorphological surface.

It is occasionally difficult to determine the age of remodelling of the uncovered 
exhumed horst. In these cases one may start from the fact that the surface of horsts 
of the Transdanubian Mountains was planated already in the Cretaceous, the 
surface of those of low position slightly changed during the Tertiary, it is inherited. 
The uncovered horsts of morphologically higher position could be pediplanated in the
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course of the Paleogene and became pedimented at their margin during the 
Neogene.

Each of the horsts etchplanated in the Cretaceous then buried, semi-exhumed and 
being uncovered may occur at different elevations (Fig. 5.). Some types can be 
found eg. at the same height besides each other within the same mountain unit. It is 
also common that the planated horsts covered by Oligocene sandstone overlie 
stepwise one another. The surfaces of different heights of these horst types do not 
represent geomorphological surfaces of different ages.

In the mountain margins the Neogene marine terraces represent usually younger 
geomorphological surfaces that the uplifted and exhumed horst surfaces. 
Nevertheless, it is common that the Pannonian marine formations overlie horsts 
uplifted to 400 to 500 m height which were buried in the Paleogene (Buda 
Mountains), elsewhere upper Pannonian travertine occurs on the Mesozoic 
geomorphologic surface (Balaton Upland, ca 300 m above sea level).

In some cases we find foothill surfaces in marginal positions, transformed by 
Paleogene and/or Neogene pedimentation. These may be further shaped by 
Quaternary cryoplanation and accumulative glacis formation. This way generations 
o f surfaces o f different ages may be preserved on horsts or on their vicinities.

On the margins of horsts of the Transdanubian Mountains the Late Cainozoic 
geomorphological surfaces (marine terraces, pediments, river terraces) were 
preserved by the hard strata of travertines from the subsequent erosion. Travertines 
were formed by karst springs in the base level. In the Transdanubian Mountains 12 
Neogene and Quaternary geomorphological surfaces were preserved by travertines. 
This phenomenon is characteristic of the mountain margins and of some larger 
valleys. In the valley-side terraces a lower sequence of travertines is deposited 
(between 120 and 250 m altitudes). The higher situated sequence of travertine 
covers the pediments and marine terraces. To determine their age, fauna remnants 
paleomagnetic and absolute chronological data were available (PlzCSI, M., 
SCHEUER, Gy. and SCHWEITZER, F. 1988).

Conclusions

Based on comparative geomorphological observations, a model o f surface evolution 
through alternating erosion and accumulation is proposed, which is here used as a 
tool for understanding the evolution of surfaces on horsts and grabens in the 
Transdanubian Mountains (TM). This model aims at an improving of accuracy of 
terminology (PfzCSI, M. 1970a,b, 1975, 1993).
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Fig. 5 Geomorphological position of the dislocated and remodelled tropical etchplain remnants of the 
Transdanubian Mountains (after P(=CSI. M.)
a,,a2 = buried surface of etchplain in a sub- or intramontane graben; b = surface of planation 
in threshold position, exhumed and reshaped etchplain; c ,= buried planated surface in 
uplifted position; etchplain remnant partly planated in the course of deposition of Oligocene 
gravel sheet over it; d = exhumed etchplain in summit position, reshaped etchplain by 
(peri)pedimentation; e = uplifted, partially exhumed Cretaceous etchplain remodelled by 
pedimentation during the Tertiary (eg Oligocene) in the forelands of the crystalline massifs, 
with conglomerate covers over their subsided part; P-P^gr = Pliocene-Pleistocene gravel; Mr  
M3 = Middle Miocene marl, limestone and gravel; E2I = Middle Eocene limestone; E,d = Lower 
Eocene dolomite detritus; Crb = Upper Cretaceous bauxite; Tr3d= Triassic dolomite; Mgr = 
Miocene gravel; M2-M3gr = Middle and Upper Miocene gravel and conglomerate;
T r, J.d.l = Triassic and Jurassic dolomite and limestone; O.cong.= Oligocene sandstone and 
conglomerate; 1 = remains of tropical weathering, with kaolinite and red clays;
2 = unconformity; 3 = tower karst remnant of a tropical peneplain; 4 = gravel patches on the 
surface

The basis of this model fo r alternating erosion and accumulation is that formerly 
developed (by tropical etchplanation, pedimentation, pediplanation) surfaces o f 
erosion are repeatedly reshaped by erosion and accumulation during subsequent 
geological times. The morphostructural element is repeatedly uplifted and subsided 
and horizontally displaced by tectonic processes.

This model proposes that in the TM the conditions resulting in erosional surfaces, 
due to tropical tower-karstic planation and accompanied by bauxite formation, were 
interrupted by the beginning of the Tertiary. This was mainly caused by changes in 
climate and in tectonic activities. During the Tertiary the bulk of the TM was 
repeatedly buried by tectonic subsidence under sedimentary sequences of different 
thickness. Some regions were partially or entirely elevated and exhumed twice or 
three times (during the Paleogene, Neogene and Quaternary). The karstic etchplain 
surface of Cretaceous origin was further eroded or buried under sediments during 
these repeated burial and exhumation events (e.g. by peripedimentation, formation 
of marine terraces, or alluvial fans). The TM, subdivided by grabens, contains five 
different groups of geomorphological surfaces:
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1 , horsts of etchplanation in summit level, partly exhumed;
2 , buried horsts of etchplanation in uplifted position;
3, horsts of etchplanation in threshold position, buried or exhumed and reshaped, 

mainly by pedimentation;
4, buried etchplain in basins (cryptoplain);
5, peripediments, rocky pediments, glacis, partly covered by alluvial fans.

On the "Geomorphological Map of Hungary" (PEiCSI, M. 1976) and on the 
"Geomorphological Map of the Danubian Countries" (PEzCSI, M. 1977, 1980) and 
regional landscape monographs on the TM (PECSI, M. 1988, PECSI, M. and 
JUHASZ, A. 1990) the term erosional-accumulational surface evolution was used for 
the development of those geomorphological surfaces for which sufficient information 
was available, according to the principles and criteria of the proposed model. The 
model explaining and classifying the erosional surface evolution describes the 
surfaces of planation, buried surfaces, repeatedly exhumed and eroded planes, 
illustrates the polycyclic process of their superposition and reveals the main phases 
of the changes.

After three decades of observations in this field we think that the explanation is not 
just valid for the individual Intracarpathian Mountains, but may be applied in the 
cases of the Alpine-Dinarid mountain system, of some European ancient mountains, 
or of mountains and massifs of various continents.

The superposition of geomorphological levels of different ages could be 
demonstrated in the case of the units of the TM, using the procedures of denudation- 
and accumulation chronology (Table 1). The particular case of it has been published 
several times in Hungarian and in other languages, summarised in a monograph of 
the Transdanubian Mountains (P^CSI, M. 1970a,b, 1993; P^CSI, M. and JUHASZ,
A. 1990; P£CSI, M. et al. 1985; SZ^KELY, A. 1972).

In the Gerecse, Buda, and Pilis Mountains (TM) the presence of almost all young 
geomorphological levels could be demonstrated in some sections, in addition to older 
ones. In the forelands of these Mountains the higher levels were represented by 3 or 
4 Neogene marine terraces and deltas, by 1 to 2 foothill surfaces, and by 4 to 6 
Quaternary fluvial terraces (Fig. 4). These geomorphological levels were protected 
against subsequent denudation by travertines capping them. Thus a reconstruction 
of long-term morphological evolution of geomorphological surfaces became feasible 
(PECSI, M. 1975, 1993; PECSI, M. et al. 1985).

The chronological classification of the geomorphological surfaces gave us a key to 
outline the geomorphic evolution of TM during the Cainozoic era.
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Table 1 Geomorphological surfaces in the Hungarian mountains (P^CSI, M 1985)

I REMNANTS OF OLD EROSION SURFACES
1 Remnants of Mesozoic etchplains with tower karst

- buried under lower Cretaceous clay or limestone in plateau position (in the E. 
Bakony), or in threshold position (in the S. Bakony, Halimba)

- buried by Eocene limestone in summit position (in the Buda Mts.)
- buried under Eocene limestone (at Gant, Vertes Mts.; Nylrad, Bakony Mts.)
- buried under Oligocene sandstone (in the Buda Mts.) on different elevations
- remnants of an exhumed etchplain in summit position (in the Buda Mts., 

Keszthely Mts.)
2 Remnants of Paleocene (and mostly Mesozoic) etchplains resculptured by 
Oligocene and Miocene pedimentation

- etchplain buried by Miocene gravel in summit position (at Farkasgyepu,
Bakony Mts.)

- exhumed etchplain with patches of Miocene gravel in summit position (in the 
Gerecse Mts.)

II REMNANTS OF NEOGENE SURFACES OF PLANATION
1 Miocene raised beaches

- Surface with Karpatian conglomerate (in the northern foreland of Bakony Mts.)
- Surface with Badenian littoral sandy-gravely limestone (in the Visegrad 

and Borzsony Mts.)
- Sarmatian raised beach (in the Buda Mts., Balaton Upland)
- Sarmatian pediment (in the Matra and Zemplen Mts.)

2 Pannonian (Upper Miocene) raised beaches and travertine horizons
- Lower Pannonian (Monacian) raised beach (at Soskut,. Diosd, in the Buda Mts. 

and on the Balaton Uplands)
- Delta deposits (Precsakvarian- Csakvarian, the "Billege" and "Kalla" gravel on 

the Balaton Upland)
- Upper Pannonian (Pontian) raised beach - two surfaces (in the Bakony, Vertes 

and Buda Mts.).
- Upper Pannonian Csakvarian - Sumegian - Baltavarian) travertine occurring on 

two or three surfaces (Nos 10-12, at Nagyvazsony, Veszprem Plateau and 
Varpalota in the Bakony Mts., on Szechenyi- and Szabadsag-hill in the Buda 
Mts., two surfaces in the Gerecse Mts.)

- Upper Pannonian deltaic gravel (on Kopite hill in the Gerecse Mts.).
- Upper Pannonian-Pliocene basalt lava on pediment (subdivided into two 

levels?) (e.g. on Kabhegy and Somlo hills in South Bakony Mts.).
3 Uppermost Miocene - Pliocene pediments and travertine levels

- Mio-Pliocene pediment (Baltavarian) locally lowers down and forms a double 
surface of planation (between 360 and 220 m above sea level along the margins 
of the Transdanubian Mountains).

- Pliocene (Ruscinian-Csarnotian) travertine horizons on pediment (Nos 8 and 9; 
in the Buda Mts., on the Kopite-hill at Sutto in the Gerecse Mts)

4 Upper Pliocene (Ruscinian - Csarnotian - Lower Villanvian) old alluvial fans and 
travertine horizons

- the Kemeneshcit - Ezusthegy - Kandiko gravel sheet
- terrace No VIII and travertine No 8 (in the Danube Bend Mts.)
- terrace No VII and travertine No 7 (terrace hills of the Kemeneshat)
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Ill QUATERNARY FLUVIAL TERRACES, ALLUVIAL FAN TERRACES AND 
TRAVERTINE HORIZONS

- Terrace No VI and travertine No 6 (Upper Villanyian)
- Terrace No V (Kislangian - Biharian) and travertine No 5 (Middle Biharian?, of 

reversed polarity)
- Terrace No IV (Middle Biharian, Vertesszolos phase), > 350 Ka, terrace and 

travertine are of normal polarity
- Terrace No Ilia and travertine No 3a (270 Ka) (in the Gerecse Mts.)
- Terrace No lib (R3-W1 ) with travertine cover (120 to 70 Ka old)
- Terrace No I la (W3 ), ca 26 to 12 Ka
- flood-plain No I and Holocene travertine No 1, from 11 Ka to present

Notes

1The genetic and topographic interpretation of the concept of relief planation is rather diverse in the 
literature. Taking into consideration all definitions, both narrow and broad, it emerges that surfaces of 
planation are considered (plane) surfaces o f considerable extent and low relief energy, over a stable or 
gently rising base. They are sculptured by processes o f destruction, and by a well-defined equilibrium 
o f uplift and degradation.
While some authors consider surfaces of planation to be results of sculpturing by a single erosive 
agent, others think that they are polygenetic; i.e. they result from the interaction of several processes 
the rates of which vary in time and space. Some authors believe that surfaces of planation are 
polygenetic also in space. Their complex of forms includes not only surfaces of erosion, but also 
surfaces of accumulation.
2Davis assumed periods of long tectonic rest in the evolution of a mountain; the evolution during such 
a period produces a peneplain in the penultimate stage of the cycle o f erosion, which subsequently 
undergoes repeated uplifting. On the mountain margins, at the base level of erosion, partial peneplains 
come into existence. W herever and whenever the periods of tectonic stillstands were not sufficiently 
long for the process of peneplanatioh to completely wear away the relief formed during the previous 
cycle and subsequently uplifted, there, according to DAVIS, occur remnants o f older peneplains at 
higher altitudes, in a stepwise arrangement.
3ln the Penckian interpretation of stepped Rumpffldchen (piedmont benchlands) the initial surface is 
the "Primarrumpf', but it may also be the Davisian peneplain, the "Endrumpf, "Endpeneplane". As a 
result of arching, a process extending in area and accelerating in time, the longitudinal profiles of rivers 
are broken and the valley flanks gradually retreat and broaden at the expense of the higher surface. 
The broadening arch embraces an increasingly wide area and thus and increasingly number of 
younger step surfaces are connected to the most highly elevated central arch. It is this system of 
stepwise repeated surfaces of planation that was called "Piedmonttreppen" by an ever broadening 
area, rather than to a protracted and constant-rate uplift.
^Pediplains have usually been deduced from pediments (MAXSON, J.M: & G.H. ANDERSON 1935, 
HOWARD, A.D. 1942, MACKIN, J. H. 1970). It was in connection with these forms that American 
geologists and geomorphologists first came to attribute a decisive role to climatic factors. They 
interpreted as pediplains a number of extensively planated surfaces regarded as peneplains by Davis. 
KING, L.C. (1962) has lately expressed the view that pediplanation is the most general form of surface 
lowering, substituting, as it were, the periplanation concept for the Davisian peneplain concept. In this 
way, however, KING (1949, 1962) gave an unduly broad context to the term pediplain, under which 
heading he included all the extensive planated surfaces of all continents as far back as the 
Cretaceous. In King's opinion pediplains are typical of semiarid tropical zones, but may also develop at 
lower intensities under moderately humid conditions. He considers the differences between forms 
developed in arid, semiarid and moderately humid climatic zones to control merely the intensity of 
development.
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Another open question concerns the criteria of identification for the pediplain, as a remnant of some 
planated surface outside the semiarid zone.
Tropical surfaces of planation, the concept of etchplanation

WAYLAND E.J. (1933) introduced the concept of etchplain, the etchplanation has been attributed to 
tropical deep weathering followed by removal (stripping) of the thick regolith zone. The idea has been 
elaborated and further developed by BUDEL, J. (1957), partly modified by BULLA B. (1958), LOUIS, H. 
(1957) and some others.
The concept, that extensive surfaces of erosion are most readily formed under humid or alternately 
humid and arid tropical climates, has become more and more widely accepted. The initiators of the 
theory explained the lowering and smoothing of large surfaces by extensive colloidal and subcolloidal 
weathering as well as by large scale slopewashing. Budel interpreted the evolution of the tropical 
surfaces of planation by developing the theory of "duplicate planation surfaces" (doppelte 
Einebnungsflachen).
In the zone of tropical slopewash, the surfaces are thickly covered with products of weathering, 
underlain by a less thoroughly smoothed but still hummocky relief of unweathered rock (e.g. granite). 
This deeper interface is the basal front of planation, smoothed by weathering. Double planation takes 
place, on one hand, by slopewash on the surface cloak of weathering products (Spuloberfiache) and, 
on the other hand, by subsurface weathering on the deeper interface.
Sporadically in the Carpathian Basin red clays occurring in subaeral Neogene deposits, in basin 
position, are interfingered by series of variegated clays, sandy clays, silts and sands. These 
sequences, under optimal geological and climatic conditions, could cover most of the Pliocene and the 
start of their formation can be dated to the late Miocene (ca 2-5.6 Ma, P£CSI, M. 1985; P£CSI, M. et 
al. 1988). The red clay together with the intercalated sequence are also products of cyclic climatic 
changes. They represent subtropical subhumid climate with alteration of warm-rainy and warm-dry 
seasons, succeeded by warm semiarid climatic intervals preventing red clay formation but favouring 
pediment development.
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Geomorphology And Global Habitability

Ba k e r , V ic to r R.
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Tucson, AZ 85721 USA
*

Much current global change and natural hazard research is of limited value because 
of an overemphasis on prediction through idealized conceptual models predicated 
upon unverifed assumptions. To understand environmental change one needs 
scientific experience of such change as a complement to the conceptualization of 
that change. Geomorphology, a major science of natural experience, has largely 
been marginalized by the value systems imposed by the earth-system science 
emphasis of modern global change research.
Current international science initiatives to understand global change focus on 
predictionachieved through mathematical models. It is assumed that this approach 
will provide the essential basis for policy- and decision-making to mitigate threats to 
global habitability. Because such models are strictly unverifiable in the real world, 
accurate foreknowledge of the future is ari impossible goal. As a practical matter, 
decisions will be made on the basis of perception, grounded in the available 
experience of change. The greatest repository of Earth experience capable of 
stimulating human perception is the Earth's surface and evidence of its 
geomorphological change. In studying this record, geomorphologists employ 
synthetic reasoning, using retroductive (causal) inference, to interpret indices (signs) 
of processes that reveal the natural patterns (habits) of Earth experience through 
time and space. Discovery of anomalous phenomena leads to the need for revising 
prior conceptualizations (models), refomulating them to be more in accord with 
reality. An example is the recent discovery in tropical river paleoflood records that 
large floods may be preferentially clustered in recent decades. If corroborated by 
further study, this may indicate an influence of global greenhouse warming on 
monsoonal circulation and tropical storms. Such change could have profound 
implications for global habitability.
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Introduction

Human civilization has long been at risk from environmental change. Droughts, 
floods, and soil degradation have all imperiled the infrastructure of past societies. 
Ancient civilizations of once-fertile river valleys have been destroyed by the direct 
and indirect consequences of these environmental changes (THOMAS, W.L. 1956). 
Against a background of continuing massive transformation of the Earth by human 
action (TURNER, B.L. II et al. 1990), in recent years scientific concern with "global 
change" has increasingly focused on issues such as greenhouse watming, ozone 
depletion, desertification, and deforestation. International programs for "earth-system 
science" and "geosphere-biosphere" study are being actively promoted for achieving 
solutions to these problems. In the dozen years since their inception (PERRY, J.S.
1991) these programs have now moved to the forefront of concern by the 
international science community. For the United States research strategies have 
been established to achieve an understanding of global change (Committee on 
Global Change 1990). The primary strategy of "integrated modeling of the earth 
system" is being implemented into policy for the funding of U.S. science. The goal of 
the 1994 U.S. Global Change Research Program (Committee on Earth Sciences
1993) is "to produce predictive understanding of the earth system to support national 
and international policy-making activities across a broad spectrum of global, national, 
and regional environmental issues."

A great weakness of various initiatives in scientific global change research and in the 
assessment of natural hazards, such as floods, is their overemphasis on prediction 
through idealized conceptual models predicated upon unverified assumptions. The 
problems of human habitability on planet Earth center on the reality of immense 
populations of Asians, Africans and South Americans, who live on lands sensitive to 
continental environmental change. Coping with this change requires not merely ideal 
model predictions of future climate; it requires a profound experience-based scientific 
understanding of such change. Broad-scale experiential science of real, continental 
land-water change is the natural work of geomorphologists and surficial geologists. 
Their efforts may serve some role in providing information on landscape process 
changes as a source of testing models for predicting such changes. However, by far 
the more imponant goal of their work is to discover unforeseen workings of the 
natural and human-modified that will require new or revised models (hypotheses) for 
their explanation. I am concerned that this latter goal is being impeded by the 
present overemphasis on predicting the "earth system" and "reducing the 
uncertainties" in that predictive enterprise. Reasons for this concern, and our 
possible response as geomorphologists will be explored in this essay.

The Earth-system Science Approach

Human beings live on the land surface of the Earth. Their existence is interwoven 
with and dependent upon that surface which they inhabit. It was for this reason that
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the original designation of the global science initiatives of recent years began with 
the name "global habitability" (GOODY, R. 1982). The original name, now 
superseded by "global change" and "earth-system science", reminds us of the real 
reason that such science is needed for the future. Humankind desires a habitable 
planet for its long-term existence. This application is the desired outcome of the 
science that society is asked to support with substantial resources that might 
otherwise be spent on many worthwhile nonscientific projects. It is well to remember 
that while "...science expects autonomy and support ... society expects substantial 
benefits..." (BYERLY, R. and PIELKE, R.A. 1995). The U.S. Global Change 
Research Program was initiated in 1989 to provide a strategy to enhance the 
relevant research activities of various federal agencies. The program's initial goal 
was stated, "...to provide a sound scientific basis for national and international 
decision making on global change issues" (Committee on Earth Sciences 1989). By 
1994 this goal had been restated, "... to produce a predictive understanding of the 
earth system to support national and intentional policymaking activities across a 
broad spectrum of global, national, and regional environmental issues" (MOLNIA,
B.F. 1994). MAHLMAN, J.D. (1989, p.71) provided the following succinct description 
of the program:

Through careful, long-term research on observation, modeling, and analysis, our 
scientific uncertainties will decrease and our confidence for predicting details of the 
climate system and its changes will gradually improve... the societal need for 
accurate and detailed climate predictions will increase... (and the) effort to meet 
these societal challenges will require... the world scientific community in a sustained 
effort spanning decades.

In 1986 the Intentional Council of Scientific Unions (ICSU) established the 
International Geosphere-Biosphere Programme (IGBP). This international effort has 
taken up the same themes of earth-system science, predictive modeling, and 
reducing uncertainties (IGBP,1992). For example, various climate-model simulations 
of the idealized "earth system" are developed to show near-future changes in 
atmospheric parameters caused by human-induced increases in radiatively active 
gases (HOUGHTON, J.T. et al. 1990). Some of these climate modeling simulations 
have already indicated the theoretical possibility for alarming impacts of an 
increasing greenhouse effect on regional climatological and hydrological factors, 
including droughts and flood-causing storms (HANSEN, J. et al. 1989). However, the 
various modeling scenarios are also subject to considerable debate concerning the 
inherent uncertainties which may limit their use as a basis for what could be 
extremely expensive societal response (SCHLESINGER, M.E. and JIANG, X. 1991). 
The debate poses the following dilemma: Should society take drastic action to avert 
a predicted calamity or should it wait until uncertainties in the prediction are reduced 
to a comfortable level, at which time the calamitous consequences may be 
irrevocable?
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Clearly, the drastic action needed to avert environmental calamity is not forthcoming. 
To reduce the uncertainties that preclude action there must be hard facts. One 
means advocated to obtain these facts is that massive programs of satellite, aircraft, 
and ground observations must be used to document the changing global earth 
system (Earth System Science Committee, 1988). Aside from the costs of such 
programs, at a time when "big science" must compete with many deserving social 
programs for government financing, there lingers doubt that intensive modern 
observations will indeed provide the needed basis for action. By the time the relevant 
changes are eventually documented, and modeled simulations verified against 
measurements, the projected calamitous global changes may be irrevocable.

There is another approach to resolving this paradox of threatening environmental 
change and coincident paralyzing inaction to cope with that change. There exists 
right now a great repository of experience on the global changes of our planet. That 
repository constitutes the open system of reality that must be understood in order to 
interpret properly the isolated systems described by the models. Moreover, we now 
possess the tools with which to open up that repository. Just as the computer 
revolution has enhanced the scientific ability to deduce future consequences of 
antecedent conditions, a less heralded revolution has occurred in our ability to infer 
the antecedents of those consequences that are preserved in the landforms, 
sediments, and active processes on the surface of the planet. But we are not making 
best use of this revolution. Consider the immense opportunity afforded through 
remote sensing from space (SHORT, N.M. and BLAIR, R.W. 1986). In the "predictive 
understanding" approach of earth-system science the features shown on these 
images are carefully measured in terms of readily quantifiable parameters. The 
measurements are then used to parameterize or to test the validity of predictive 
models. The goal of such science is to formulate the best possible predictive model, 
which policymakers and the general public believe will tell them how to manage the 
great and pressing problems for the future habitability of our planet. This goal 
underlies much of the international scientific effort to provide a scientific basis for 
understanding the earth system and for responding to global environmental change.

There is a profound flaw in the "predictive understanding" approach to global change 
science. Working scientists know that predictive models can never provide 
satisfactory bases for action because their purpose is to help advance 
understanding, not to tell us what to do. Science has never advanced by proving that 
some model works; it has always advanced by showing that a model does not work 
and by replacing the falsified model with one that better explains the current 
perspective on the facts. The predictions of models make this replacement process 
more efficient by demonstrating inadequacies of present theory when compared to 
the facts. When the scientist turns up surprising facts that do not fit the model, facts 
that stimulate the formulation of new models, then one has what science really 
seeks: discovery. Thus, I argue that the most important emphasis for 
geomorphological remote sensing from space is not to improve models, making them 
more elegantly predictive, but to make discoveries that lead us more efficiently to
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discard the existing models, to stimulate the search for better ones, and thereby to 
enhance our understanding of nature. Geomorphologists do not observe and 
measure solely to test some prevailing model or hypothesis. Rather, geomorphology 
begins with observations for the purpose of inventing hypotheses that explain the 
imaged landscape in a manner consistent with experience and known physical law. 
The interpretations are tentative, subject to verification on the ground. However, they 
do not arise film ideal theorizing; the factual content of the image itself provides the 
basis for hypothesizing.

This reasoning process has some interesting advantages over the theory-dominated 
approach. When one's concern is not with objectively measuring parameters for 
theory construction, attention can be drawn to oddities. For this discovery process to 
bear fruit, however, it must be valued, and geomorphology has been undervalued in 
the study of global environmental change. Why is this?

t

Reductive Axiology of Earth-system Science

Axiology is the philosophical theory of values. Axiology is usually considered in 
regard to ethics and aesthetics for arts, such as politics, music, and literature. 
Science, in contrast, is often claimed to be value-free. The claim is possible only 
through ignorance of scientific practice.

Working scientists, in their own judgments and in the peer-review or funding 
decisions relating to work by their colleagues, apply value decisions in abundance. 
WEINBERG, A.M. (1970) even gives a useful list of such values: (1) pure is better 
than applied, (2) general is better than particular, (3) search is better than 
codification, and (4) paradigm breaking is better than spectroscopy.

Value (1) presumably derives from the disciplinary structure of science in which 
problems arise from the immanent logic of those disciplines, rather than from needs 
outside that discipline or even outside science itself (WEINBERG, A.M. 1970). Value 
(2) holds the general to be better than the particular (WIGNER, E. 1964). These 
values also derive from a reductive version of parsimony with the goal of explaining 
as much as possible with as little as possible. In pure science one seeks to reduce a 
set of related events to a single general principle. Value (3) holds that the search for 
new knowledge is superior to codification of existing knowledge. Value (4) holds that 
revolutionary science in the sense of KUHN, T.S. (1962) has greater value than the 
adding of details within some scientific paradigm, which WEINBERG, A.M. (1970) 
labels "spectroscopy." This last value holds an interesting relationship to the others. 
It suggests that the discovery of anomalies in the existing paradigms is valued when 
these overthrow existing generalizations. The anomalies are particulars that don't fit. 
In this case the particulars are valued, violating value (2). Thus, the axiology (value 
system) of science has a built-in logical inconsistency, one that is important to 
understanding the relationship of earth-system science to geomorphology.
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The earth-system science of global environmental change seeks a predictive 
understanding of the future. In seeking this path it makes a value choice, favoring a 
mathematical/predictive approach (value 2) over a naturalistic/historical one. Any 
such value choice will result in a kind of hierarchy in the sciences. For this value 
choice, predictive and experimental sciences that are pure (value 1 ) occupy top 
positions in the hierarchy while the mathematically less sophisticated historical and 
descriptive sciences, especially when applied, fill in the low positions (eg., 
ALVAREZ, W. 1991). Of course, such classifications are arbitrary and nontestable; 
they are philosophical, not scientific. Nevertheless, they are assumed by many 
scientists, so this axiology becomes very important in the practice of science. The 
assumption of philosophical ascendancy for the mathematical/predictive approach 
results in a rather specific manner by which geomorphology becomes incorporated 
into predictive earth-system science of global environmental change. For this reason 
the comparison of scientific approaches requires careful attention.

Mathematical/predictive sciences are best exemplified in the experimental/theoretical 
methodology of classical physics. Indeed much of philosophy of science is written as 
though the words "physics" and "science" are interchangeable. Physics is "the 
science devoted to discovering, developing and refining those aspects of reality that 
are amenable to mathematical analysis" (ZIMAN, J. 1978). Its approach is 
conceptual, seeking universal classes of phenomena that can be generalized by 
means of the underlying physical laws presumed to govern nature (value 1). Its 
abstract laws, theories, and relationships must be objectively verified or tested 
against measured reality through controlled experimentation. As Sir Francis Bacon 
noted, scientific experiments are questions put to nature. However, the need for 
objective control means that questioning occurs as an interrogation (KELLER, E.F. 
1985) in which the facts of nature are expressed through numerical measures 
comparable to those generated by the theoretical representation of its essential 
underlying laws. In this context geomorphology furnishes factual data that exemplify 
environmental change. Comparison of these realized results (completed "natural 
experiments") to the theoretical predictions results in scientific validation of theories 
that are expressed through predictive models.

In the modeling of climate change one uses the analytical reasoning process of 
mathematical physics. This means that first principles are assumed and that 
consequences are deduced according to structured logic, often mathematical, from 
those principles. This deduction is what physicists mean by a "prediction." It is a 
popular misconception held even by some scientists that a scientific prediction is a 
prophesy of future events. Prophesies are the province of mystics, not scientists. 
Scientific predictions are logical deductions, completely developed in the ideal world 
of scientific theory. For physics, the one contact with reality comes in the match of 
this deduced consequence ("prediction") with a measured property of nature. The 
match is confirmed by the method of an experiment, which is a defined element of 
the real world controlled so as to check the investigator's theories about that limited 
aspect of reality.
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Prediction as preknowledge of future events requires a faith in immutable, invariant 
lawlike behavior in nature. The more flexible concept of logical consequences allows 
an expectation of the future behavior subject to confirmation by test (experiment). 
Thus, a balance is achieved in theoretical/experimental sciences like physics 
whereby theorizing (modeling) is balanced by experiments. However, another 
assumption in this logic is that the mathematical theorizing cannot be balanced by 
tests for the whole, connected world of reality. Rather, this balance occurs in 
reduced, simplified elements, sometimes termed "systems." Proper validation, 
verification, or confirmation are only possible in artificial closed systems, not in the 
open systems that more closely resemble the real world (ORESKES, N. et al. 1994).

The logic of some global-change science seems to embody the dual fallacies of (1) 
prediction as prophesy, and (2 ) verification of models leading to (1 ) when the 
uncertainties are sufficiently reduced. The assumed lawlike construction of models 
allows them to project both forwards and backwards rn time. Extrapolations to past 
states (retrodictions) can specify past effects, such as climatic or hydrological 
parameters, that are consequent to the physical laws employed in the model. It is 
assumed that the comparison of these predicted effects to the reconstructed past 
can verify or calibrate the model. Presumably, the appropriately verified or calibrated 
the model will better prophesize the future. However, confirmation of such models for 
the complexity of the natural world is precluded both on logical grounds and because 
of incomplete access to the relevant natural phenomena (ORESKES, N. et al. 1994).

Retroductive Axiology of Geomorphology

The naturalistic/historical sciences do not focus on idealized theories verified in 
experimental laboratories. Rather, their prime concern is with realized phenomena 
observed in the natural world, uncontrolled by artificial constraints. By not limiting 
herself to the world amenable to mathematical analysis, the naturalistic scientist 
takes the world as it is. Rather than general principles of universal application, it is 
concrete particulars that are the focus of attention. A particularly rich source of such 
reality is the various evidence of happenings in the past. Hence, the naturalistic 
sciences merge with the historical. Data do not serve the interrogative function of 
experiments designed to verify. Instead, the observations of phenomena are 
revealed as signs, providing a language for what CLOOS, H. (1953) termed a 
"conversation with the Earth." The observations do not serve primarily in the menial 
function of model validation. Rather, they provide inspiration for hypotheses, as 
classically described by GILBERT, G.K. (1886, 1896). Hypothetical reasoning, 
therefore, provides a kind of logic, or inference, through which one can distinguish 
the naturalistic/historical sciences (e.g., CHAMBERLIN, T.C. (1890) from the 
mathematical/predictive.

In the hypothetical reasoning of naturalistic/historical sciences like geomorphology, 
inference is made of cause from effect, or "consequent" from "antecedent" as
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GILBERT, G.K. (1886) described it. This mode of inference is synthetic, not 
analytic/reductive. Unfortunately, this inference is commonly confused with induction. 
Rather than inferring cause from effect, or "antecedent" from "consequent" to 
generate a hypothesis, induction infers a rule or law from the instances of that rule or 
law in operation, as a test of some hypothesis. As noted by VON ENGELHARDT, W. 
and ZIMMERMANN, J. (1988), synthetic reasoning to some hypothesis was 
described in considerable detail in the late I9th century by the American logician 
Charles PEIRCE. PEIRCE variously named this reasoning "retroduction" or 
"abduction." He traced the latter term to use by Aristotle and specifically associated it 
with geology (BAKER, V.R. in press). While retroduction/ abduction is clearly 
important in geological geomorphology (BAKER, V.R. and TWIDALE, C.R. 1991; 
RHOADS, B.L. and THORN, C.E. 1993), nevertheless, it might appear to be an issue 
of obscure logic. Indeed, there is considerable controversy on this point by 
philosophers of science, many of whom believe "a logic of discovery" to be 
impossible (LAUDAN, L. 1980).

The axiology of reductive analytical science values the simplicity or parsimony of its 
theories, the elegance of its mathematics. It is well to remember that these are 
qualities of our conceptions or idealizations. The axiology of retroductive/synthetic 
science places values on the naturalness of hypotheses. Rather than emphasizing 
the logical quality of an answer imposed by theory upon nature, through retroduction 
geomorphology discovers phenomena that raise a new issue: Is the correct question 
being asked? Retroduction points in the direction of formulating a new model, or 
revising the old one, such that the newly discovered reality is incorporated into the 
reformulation.

\

Retroduction, or abduction, is a characteristic reasoning mode of the Earth sciences 
(VON ENGELHARDT, W. and ZIMMERMANN, J. 1988). Its employment involves 
synthetic reasoning, often using analogies, applying the classical doctrines of 
commonsensism, fallibilism, and realism (BAKER, V.R. 1994a). Synthetic thinking is 
the continuous activity of comparing, connecting, and putting together thoughts and 
perceptions. The focus is on deriving hypotheses from nature rather than on applying 
elegant theories. Analysis may well follow retroduction, but not to provide ultimate 
answers for intellectual puzzles predefined by limiting assumptions imposed upon 
the real world. Rather, this analysis allows the investigator to consider the 
consequential effects of hypotheses. It is important that the latter be suggested by 
our experience with nature, through what GILBERT, G.K. (1886, 1896) termed 
"analogy," rather than by our theories of nature.

To achieve understanding of the global Earth environment, geomorphologists study 
various indices (signs) of Earth processes in a manner consistent with the best 
available physical theory. This is done not merely to develop a unique story of 
process operation, but also to characterize the complex Earth processes that cycle 
over scales of time and space, and defy conventional measurement. Without this 
understanding, at a minimum theoretical modeling is untested. More important,
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however, is the recognition of anomalous behavior in the real, model-prototype 
conditions that would not have been anticipated in its hypothesized theoretical 
representation. Such anomalies provide the driving inspiration for scientific 
discovery. In this manner retroductive geomorphology reveals the natural patterns 
(habits) of the environment as they occur in time and space.

Policy Issues

The prospects of global environmental change adverse to human habitability of the 
planet pose an immense challenge to science. Not only must good science be done, 
but that science must effectively translate into public policy. The latter involves a 
process in which the analytical procedures of science necessarily play a limited role 
(LINDBLOM, C.E. and WOODHOUSE, E.J. 1993). Much as scientists may wish 
otherwise, say for a more enlightened public and political sector, action on important 
societal issues is most commonly driven by immediate perceptions. There is only a 
limited role for long-term scientific study, for which inadequate resources of time and 
financial support are available.

Overreliance upon the mathematical predictive approach of the 
experimental/theoretical sciences has some important consequences for policy in 
regard to future environmental change. In scientific practice, prediction is a tool used 
to pose logical consequences of hypotheses that can be subsequently explored 
through controlled experimentation. Prediction applies to idealized systems, in which 
the flows of matter, energy, and information can be modeled mathematically. 
However, policy is driven as much by myth as by method (GIRLING, J. 1993). 
Popular myth holds prediction to be accurate preknowledge of future events. The 
myth could conceivably be true, given immutable, invariant lawlike behavior to all 
nature. However, there is a strong argument that the truth of this myth can never be 
known via the numerical models employed for prediction. Complete confirmation of 
such models is precluded both logically and by the incompleteness of human access 
to the relevant phenomena (ORESKES, N. et al. 1994).

Human action may be guided by the conceptual generalizations of science, including 
model prediction, but its basis lies in perception-based experience (see, e.g., 
BAKER, V.R. 1994b). Experience involves concrete particulars. To the degree that 
these stimulate the mind to grasp reality, these real experiences contribute to human 
understanding. Such experiences can be rather haphazard, and the lack of careful 
attention accorded them explains many policy failures. However, it is the role of the 
naturalistic/historical scientist to synthesize experience into a meaningful whole. 
Herein lies the most important task for the geomorphologist.

As a policy is enacted, it must be informed. That information can include attempts to 
perceive future events, subject to various uncertainties. However, uncertainty will 
always be present, a fact essential to the existence of science itself (BAKER, V.R.
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1992). Action informed by reality, such as the ranges of geomorphological processes 
signified in sediments and landforms, must be subject to continual validation against 
its consequences. It can, nevertheless, be confidently initiated, given the tendency of 
future conditions to evolve from past ones. By retaining options for adjustment, policy 
need not be founded upon a bedrock of scientific fact to achieve success. Rather, it 
can follow as a natural extension of science itself, transforming its basis of 
perception into the generality of guidance, always subject to the fallibility of the 
latter's incomplete formulations.

Paleoflood Hydrology

Paleohydrology, the science of ancient water, seeks to discover the past operation of 
the hydrological cycle. The purpose is to examine reality, particularly through the 
reconstructed paleoflows of rivers, ancient lake volumes, ground-water fluctuations, 
etc. In recent years a scientific breakthrough has been achieved in the ability of 
paleohydrologists to infer very accurate and complete catalogs of ancient, 
extraordinary floods through scientific study of slackwater deposits and paleostage 
indicators (SWD-PSI) in stable-boundary fluvial reaches. SWD-PSI paleoflood 
hydrology is an interdisciplinary breakthrough made possible by recent advances in 
geomorphology, geochronology, hydraulic flow modeling, and censored-sample 
maximum likelihood flood-frequency analysis (BAKER, V.R. 1987; BAKER, V.R. et 
al. 1988; STEDINGER, J.R. and BAKER, V.R. 1987).

Variations in the water cycles comprise a key issue, perhaps the most important 
issue for coping with' future global change (GLEICK, P.H. 1993). In water 
management the "strong causality" characteristic of mechanistic physics does not 
apply (MATALAS, N.C. et al. 1982). Instead, hydrological variability can be viewed 
as an inherent property of the highly complex hydrological system. Human ability to 
cope with that variability will depend upon wisdom born of experience on how that 
system operates over broad scales of time and space. Nevertheless, the change that 
most concerns humanity is in the future, not the past. Paleohydrologists interpret 
various indices of past hydrological processes. How can such information help in 
coping with an uncertain, potentially perilous future? Should not the relevant science 
for society be focused on that future?

The following example will illustrate the application of retroductive paleohydrological 
inference to a problem in global change science. The results are preliminary, but 
they suggest some major phenomena of great potential importance to global 
habitability. Hypotheses are suggested that will require subsequent confirmation. The 
important point, however, is that these hypotheses were suggested from discoveries 
made by a retroductive mode of scientific inquiry.

Tropical rivers have proven to be especially good recorders of SWD-PSI paleoflood 
hydrology, and excellent sites have been studied in northern Australia (WOHL, E.E., 
et al. 1994) and central India (KALE, V.S. et al. 1994). A preliminary synthesis of
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these data yields some very interesting results. The study sites are located in the 
monsoonal region (Fig.1), where the largest floods on moderate-sized drainage 
basins (103 to 105 km2) result from tropical cyclones embedded within the summer 
monsoon circulation. Peak paleoflood discharges are found to achieve maxima for 
their respective drainage areas according to various envelope curves (Fig. 2).

Fig. 1 Maps showing locations of paleoflood study sites (letters correspond to designations in Fig. 2) 
and atmospheric patterns for the Asian summer monsoon (June to September) in the upper 
map, and the northern Australia summer monsoon (December to March) in the lower map. The 
arrows show wind patterns and the dashed lines show convergence zones at 700 mb 
pressure (from BAKER, V.R. 1995)
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A recent global climate model (GCM) simulation of enhanced greenhouse conditions 
demonstrates the likely intensification of the synoptic climatological patterns that 
produce both anomalously wet and anomalously dry patterns for central Australia 
(SUPPIAH, R. 1994). The model indicates an enhancement of extremes, including 
an increase in rainfall intensity and the spatial expansion of heavy rainfall during 
anomalously wet periods. The simulated monsoon shear line shifts poleward during 
the anomalous wet periods, indicating its association with the increased rainfall 
intensities. It should be possible to observe the impact of major flood-generating 
rainfall in stream gage records.

Fig. 2 Paleofiood data compared to conventional flood data for peak discharge versus drainage area. 
The world envelope curve (RODIER, J.A. and ROCHE, M. 1984) includes conventional data 
from the following rivers: Amazon (A), Lena (L), Seco Creek (D), Mailtrail Creek (LA) and 
Hubbard Creek (AL). The U.S. maximum curve (COSTA, J.E. 1987) is shown for comparison.

- It includes data points for the Mississippi River (MS), Susquehanna River (AG) and West 
Nueces River (W). The Colorado River basin curve is defined by paleofiood data (points C, T, 
V, S, E1, E2 and O) as discussed by ENZEL, Y. et al. (1993). Paleofiood data of global 
interest include data from Australia (J = Lennard River, H = Finke River, K = Katherine River, 
M = Margaret River and F = Fitzroy River), all discussed by WOHL, E.E. et al. (1994b); 
the Narmada River of India (N), discussed by KALE, V.S. ef al. (1994); the Pecos River (P) of 
Texas (KOCHEL, R.C. et al. 1992) and the Changjiang (Y) of China (SHIH 1985) (from 
BAKER, V.R.1995)

Unfortunately these provide data that are of too short a duration to detect major 
changes in the nature of very large, low frequency floods. In contrast, paleofiood 
SWD-PSI studies in central Australia (BAKER, V.R. et al. 1983,1987; PICKUP et al.
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1988) indicate a 1000-year record of the largest flood events for the Finke River. Of 
the seven largest floods up to the time of the study (1983), four occurred since 1921 
and three since 1967. The trend is not inconsistent with the model simulation.

Results from the Narmada River basin in central India are especially striking. The 
Narmada is situated such that it is impacted by the most severe rainstorms of the 
subcontinent (DHAR, O.N. and NANDARGI, S. 1989; KALE, V S . et al. 1994). In a 
study reach of the central Narmada a complete chronology has been identified for 
the largest floods over the last 1700 years (ELY, L.L. et al. 1993). Hydraulic flow 
modeling, using convention procedures for SWD-PSI analysis (O'Connor and Webb 
1988), reveals the magnitudes associated with the paleoflood events (KALE, V.S. et 
al. 1992). At the site with the highest flood deposits, 4-5 sandy flood units with post- 
1950 AD 14C dates cap an underlying sequence of 7-10 silty flood deposits with a 
minimum 14C age of 650±70 BP (A-6631) and a maximum age >1720±185 BP (A- 
7305). The recent floods are the largest in at least the last several hundred years 
(ELY, L.L. et al. 1993). Their magnitudes correspond to those of the largest events in 
the last 20-40 years, as recorded at the existing gage sites (KALE, V.S. et al. 1994). 
The peak flow lies just above the global maximum curve (RODIER, J.A. and ROCHE, 
M.1984) for the respective drainage area (Fig. 2).

The regional picture of clustering of the largest tropical floods into the most recent 
time interval suggest a widespread causative phenomenon. The ability of the SWD- 
PSI sites to preferentially preserve the deposits of the largest floods, regardless of 
later event sizes, plus other aspects of the natural recording system (BAKER, V.R. 
1989; BAKER, V.R. et al. 1987) insures that there is not a selective biasing in the 
recording. (The latter possibility emphasizes the importance of examining the SWD- 
PSI evidence for the largest events.) The most likely widespread cause for floods in 
basins of the size range studied is the incidence of large flood-producing tropical 
storms. Thus, these preliminary results indicate a possible recent increase in the 
occurrence of such events.

Clearly more data of this type will be required before a definitive conclusion is 
possible. A program of global SWD-PSI paleoflood hydrology, with a special focus on 
the tropics, has been proposed for just this purpose (BAKER, V.R. 1994c). The 
possibility of an increased frequency for future floods and droughts has been 
suggested by some model simulations of greenhouse effects (HANSEN, J. et al. 
1989; GORDON, H.B. et al. 1992; WHETTON, P H. et al. 1993). Such changes 
would have a profound impact upon global habitability. It is therefore essential to test 
for their realization. Because of the short lengths of conventional records of rainfall 
and streamflow, especially in the underdeveloped tropics, such testing may be 
impractical on the time scale necessary to make policy decisions. SWD-PSI 
paleoflood hydrology presents an opportunity to resolve this policy dilemma.
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Conclusions

There is considerable evidence that major environmental changes, particularly those 
exacerbated by humankind itself (TURNER, B.L. II et al. 1990), are threatening the 
habitability of the planet. In coping with this change many national science programs 
have placed their emphasis on prediction through idealized conceptual models 
predicated upon unverifiable assumptions. The problems of human habitability and 
global environmental change will not be resolved through idealized theories of future 
climate. As with all issues of action, these problems will be resolved through 
experience. There is only one scientific source of extensive experience: the indices 
of real Earth processes in their extant and past spatial complexity. The efforts of 
geomorphologists may serve a relatively minor role in providing real-world data for 
the testing of predictive models, However, by far the more important goal of their 
work is to discover unforeseen workings of the Earth that will require new or revised 
models (hypotheses) for their explanation. How is this scientific role to be achieved, 
given the apparent conceptual ascendancy of predictive styles in science and the 
logical impossibility of verifying/validating those predictions (ORESKES, N. et al.
1994)?

In its logic of scientific inference geomorphology may employ three distinct modes. 
The inductive mode, which infers predictive theory from specific cases, is 
fundamentally flawed because of unanticipated changes in causative processes. The 
deductive mode, using mathematical theory to predict specific effects, is logically 
impeccable, but the logic is our own, imposed on the real world and not practically 
verifiable against it. The retroductive mode functions to discover nature's own logic, 
inferring natural causative processes from the indices (signs) of their preserved 
effects. In practice, the retroductive mode is followed successively by the deductive 
and inductive. The continuing application of this sequence seeks to converge on 
truth in the long run.

In the modern science of global environmental change the ability to mathematically 
simulate change in the idealized "Earth system" has advanced far more rapidly than 
capabilities to verify such idealizations against change in the real Earth. This has led 
to an overemphasis on prediction through idealized conceptual models predicated 
upon unverified assumptions. To understand global environmental change one 
needs scientific experience of such change as a complement to the 
conceptualization of that change. One of many ways to make this possible is through 
the study of indices (signs) of such change. Through its focus on the effects of 
realized processes, geomorphology provides a critical scientific complement to 
studies that idealize hydrological systems in order to predict future change. In 
studying the experience conveyed to us via natural indices geomorphologists are 
providing a voice to nature that will be critical for understanding the changes 
imposed thereupon. For this voice to be effective it must derive from the broadest 
possible spatial sample of modern environmental change. It must also derive from 
the record of change in the past. Only then will humankind avoid the fate predicted
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by philosopher George SANTAYANA in his book Life o f Reason: "Those who cannot 
remember the past are condemned to repeat it."

The great Danish physicist Niels BOHR was once asked about the role of physics in 
regard to the nature of the quantum world that underlies the material reality of our 
existence. A philosophical proponent of reductive materialistic axiology would answer 
that the reduced basis of the world system (the quantum world) can readily be scaled 
up to tell us how the larger world of reality is. BOHR's answer is telling: "It is wrong to 
think that the task of physics is to find out how nature is. Physics concerns what we 
can say about nature" (PETERSEN, A. 1985). It can be similarly observed that the 
task of geomorphology is not so much to find how nature is. Rather, it is the primary 
task of geomorphology to find what nature can say to us.

Following BOHR's observation, I suspect that it may well be incomplete science to 
assume that theoretical/predictive earth-system science, following the example of 
mathematical physics, will ever provide more than an exceptionally clear exposition 
of what we can say about future global environmental change. For completely 
satisfying understanding of that change we will need another insight. Though lacking 
in the logical rigor that we seek to arbitrarily impose on it, nature's own language, 
interpreted as signs through the naturalistic/historical approach of sciences like 
geomorphology, provides the needed scientific insight.

To preserve a continually habitable planet through an uncertain future of global 
environmental change science will need to develop the best possible mathematical 
models to explain that future. However, just as those models will need to embody the 
best that scientists can say about the real world, it will also be necessary to explore 
the real experience of that world for the best that it can say to us. The challenge to 
geomorphology is for its practitioners to devote just as much effort to exploring the 
real world of Earth experience as they devote to idealizing the abstract world of Earth 
systems. By preserving this essential tension, science will advance, and that 
advancement will most effectively benefit the society that sustains it

•
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Introduction

x

In the past 7000 years the environment of Central Europe has been dramatically 
changed by the human activity. Environmental quality, changing over time, has 
influenced both the type and intensity of natural geomorphological processes and, 
due to their direct relations and feedbacks, the entire relief.

The Clearing o f Woodlands and Farming

Perhaps the most important single factor in the evolution of the Central European 
environment has been the clearing of the wood which once clothed almost all of 
Europe. Even the dry Alfold (Great Hungarian Plain), noted for its steppe-like 
character, is shown in vegetation reconstructions to have been originally wooded. 
In Central Europe the temperate forest zone is dominated by oak, mixed with a 
variety of other deciduous trees including beech, but giving way to conifers in the 
highlands and mountains.

The presence of woodland, and the effort to use it or subdue it, has been a 
constant motive in changing of environment for centuries. The attack began with 
the advent o f agriculture in the Neolithic and, with the gradual population growth, 
wooded areas have been given way to pastures and arable lands. The forests were 
cleared partly by felling and partly by fire. However, the clearing has not been a 
continuous or sustained process, for at times, the forest has reasserted itself and 
extended over the previously cleared areas. Nor has the clearing been complete, 
for substantial tracts of wooded areas still remain.

Landscapes cleared during the advent of agriculture are called old-settled 
landscapes. Six thousand years of ploughing and farming have left clear evidence 
of accelerated soil erosion in the form of correlated deposits, soil accumulations 
and modified topography. All the so-called steppe areas of Central Europe belong 
to these old-settled landscapes, therefore, we are unable to delimitate the original 
non-forested areas at the time of the arrival of the Neolithic people.
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In old-settled landscapes Holocene black soils, thick accumulations of soil 
sediments and floodplain loams are also preserved. Accelerated soil erosion 
caused accumulation of soil sediments in dells, dry valleys and at footslopes. 
Originally, well- developed soil types degraded into truncated soil profiles. 
Commonly this process has gone so far that where there was once a well 
developed climax soil we see the initial stages only of corresponding soil type, 
eventually skeletal soil.

It was not until the Middle Ages that the main outline of the clearing of this dense 
Central European woodland was sketched, and the story of that clearing is much 
better documented here than elsewhere in Europe (DARBY, H.C. 1958, p. 183). 
These areas are called young-settled landscapes, where deforestation., ploughing 
and farming followed by the acceleration of natural geomorphologic processes have 
taken place only in the last 2000 years. But it is necessary to keep in mind that 
young-settled landscapes are higher regions (highlands or mountains) and more 
humid than old ones. Clearing, therefore, means larger changes in the environment 
than in the most old-settled landscapes. Evidence of these changes are several 
layers of sandy-loam deposits in the floodplains of Central European rivers and 
gullies of different forms, lengths and depths.

Forest clearing was promoted by the establishment of entirely new settlements. 
After 800 AD, in German valleys between the Neckar and the Main rivers there 
appeared so called forest villages (W aldhufendorf). In the 11th and 12th centuries 
this type of settlement spread into the highlands and the mountains of the 
Bohemian Highlands and of Poland. Younger still is the Valachian colonisation 
(15th century) which changed the environment of the montainous regions in the 
Western Carpathians. Scattered houses were spread through the forest in small 
clearings (so-called kopanic&\r\ Slovakia). In the existing villages there was also a 
widespread extension of both pastures and arable land with new fields brought into 
being alongside the old ones. Many Hohlwege mark the old access roads to these 
fields. A lot of them have changed over the centuries into different types of gully 
locally known as balka, Tolke, Sieke, etc. (HEMPEL, L. 1954). The struggle has left 
a mark, often upon the type and intensity of geomorphological processes, and 
invariably upon the general character of the landscape. Besides accelerating 
intense soil erosion on ploughed slopes, the eroded soils filled river beds and valley 
bottoms. Aggradation caused regular inundation of floodplains. Houses, villages 
and towns had to move to higher places (mostly to river terraces). Later this called 
for the construction of river embankments and the drainage of backswamps.

In most regions of Central Europe the progress of agriculture had certainly passed 
its maximum by 1300, and the great age of expanding arable land was succeeded 
by one of stagnation and contraction. But demands made upon wood as 
construction material, fuel, charcoal and timber for mining increased with the 
growing Central European population. The decline then was especially severe 
during the Thirty Years' War (1618-1648). Abandoned holdings and deserted 
villages were to be found in Germany (called Wustungen), Austria, Poland and the 
Czech Republic. It is diffucult to say to what an extent the woods advanced upon 
the untilled fields and unused pastures, but there is no doubt that they did in many
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places. Traces of cultivation and dwelling can be found in the wooded areas of 
Central Europe even today.

Looking at Central Europe as a whole in the 19th and 20th centuries, it is surprising 
that despite varied demands upon wood and the long centuries of exploitation, so 
much forest cover still remained (27 per cent of Germany, 23 per cent of Poland, 33 
per cent of the Czech Republic, 37 per cent of Slovakia, 37 per cent of Austria, 13,6 
percent of Hungary; DIETRICH, B.F.A. 1928, P£CSI, M. and SARFALVI, B. 1962).

In our century farming influenced of the Central European environment from further 
aspects. The use of large amounts of fertilisers and biocides led to changes in the 
chemical composition of groundwater. The geomorphological consequences of 
these changes are most obvious in the karst areas. In the Moravian Karst (Czech 
Republic) these changes manifested itself in both the corrosion and dissolution of 
dripstones in caves.

Urbanisation

A second factor in the evolution of the Central European environment has been the 
transition from a rural to an urban landscape due to the growth of villages or mining 
settlements into towns, and the foundation of new towns "on green meadows" in 
the 1 1 th and 1 2 th centuries.

The process of urbanisation has become more intense since the beginning of the 
19th century in connection with the Industrial Revolution. Urbanisation has 
completely changed the original rural landscape into an urban landscape over large 
parts of the region. In the 20th century many cities formed urban agglomerations 
with a characteristic landscape structure. Landforms within the urban settlements 
have been substantially changed due to surface levelling and aggradation activities 
(such as sanitary landfill), the climate modified, runoff conditions altered since large 
surfaces were built up or sealed in other ways, soils and biota degraded or 
eliminated.

Cities as anthropogenic deserts

Due to the urban climate mean air temperature in cities is higher than in the 
surrounding open landscape. Differences between these two environments 
generally are ca. 0.5 to 2.5°C. In fact, the differences in temperatures between the 
city centres and the open landscape might reach 10°C (eg. in Brno, Czech Republic 
it is 9.5°C). There are two contributing factors: the large surfaces of roofs, the 
sealed surfaces (concrete, asphalt, etc.) of roads, squares and parking places 
cause high temperatures near surface, and consequently a rapid evaporation of 
rain water and dew moisture. This is coupled with a rapid runoff into the city's 
sewerage system. These processes result in lower air humidity and edaphic aridiry. 
The atmosphere near the surface is also polluted by emissions (eg. nitrogen oxides 
from cars, sulphur dioxide from local heating - Fig. 1). Evidence of desert conditions
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are salt crystals (halite, anhydrite) on sculptures, walls and microenvironments that 
are sheltered from rain. Their surfaces are coated by a veneer of loosened-up 
material composed of small grains of stone or other building materials held together 
by salts. Relatively hard building materials are completely broken down into their 
component particles by either soaking or spraying them with a salt solution and 
from the consequent crystallisation of salts in their interstices. These processes are 
accelerated by the use of salt in the city for melting snow on roads and sidewalks 
during the winter. The cavernous weathering of city surfaces is its most distinctive 
feature.

Fig. 1 Sulphur deposition over Europe (annual values in grams per square metre)

Industrialisation

In most Central European countries Industrial Revolution started in the early 19th 
century. During this period the growth of industrial production was accompanied by 
the development of the mining industry (eg. coal mining) and transport (construction 
of a European railway network). The advancement of mining and industry caused 
profound changes in relief, especially in the industrial regions (Ruhr and Saxonia in 
Germany, Silesia in Poland, Northwest Bohemia in the Czech Republic, etc.). 
Open-cast mining (eg. brown coal, iron ore) devastated large areas. Industrial 
emissions caused air, water pollution and soil contamination. All countries of 
Central Europe contribute to pollution to a lesser or greater extent. Due to 
transboundary flow of pollutants other countries have also been affected.
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Many power stations in Central Europe burn coal with high sulphur content. It is 
also used in factories and for domestic heating (eg. in the Czech Republic). A map 
of sulphur deposition over Central Europe shows large areas with annual values of
1 2  grams per square metre.

All Central Europe is seriously affected by acid rains which have been accelerating 
weathering. Direct observation of accelerated weathering in the landscape is 
difficult. There are few data eg. the higher rate of pit formation in granite bedrock 
due to weathering for the last 20 years. Indirect pedological data show pH values of 
2.7 for some soils in mountains of Central Europe built of granite. Moreover, the 
higher heavy metal content in groundwater can be interpreted as a phenomenon 
associated with accelerated weathering. Traces of accelerated weathering are to be 
found in Central European cities and towns where sculptures, walls of buildings and 
old stone bridges (constructed eg. of sandstones) have been affected over the past 
20 years. Features of accelerated honeycomb weathering have been observed in 
walls built of Cretaceous or Flysch sandstones with calcium carbonate cement.

Air pollution, acid rain and accelerated weathering

Flash-floods

The collectivisation in agriculture in the former socialist countries of Central Europe 
have led to the formation of large fields on long slopes. During the past 20 years 
new geomorphological processes called flash-floods have been described. A typical 
feature of flash-floods is that they are restricted to catchment basins with 
predominantly arable land where on the slightly inclined but long slopes cereals, 
corn (maize), potatoes and sugarbeet are grown. After heavy rains (over 50 mm per 
hour) of short duration (usually some tens of minutes) over a small area (some ten 
of square kilometre) extreme high runoff values occur. The slope length plays a 
most important part in the formation of runoff during flash-floods. The high velocity 
of water sweeping down the long slopes minimizes infiltration. Flash-floods intensify 
soil erosion, the accumulation of large amount of the removed material at 
footslopes and in river beds, causing disastrous damage to properties and in some 
cases being responsible for casualties.

Conclusions

The environment of Central Europe has overcome a dramatic change over the past 
7000 years. Nowadays human activities are the decisive factors responsible for the 
geomorphic processes changing the relief component of the environment. A typical 
feature is the acceleration of natural geomorphic evolution (eg. weathering, soil 
erosion, karst processes, etc.) through deforestation, farming, industrialisation, 
urbanisation and the related air and water pollution (acid rains, chemical changes in 
surface and subsurface waters). New geomorphic processes and environments 
have developed (eg. cities as anthropogenic deserts). Recently the relief has been
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changed dramatically by technogenic processes and with the appearance of man- 
made landforms as highly frequent phenomena in Central Europe.
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Introduction

Rivers are sometimes only seen as systems which are responsible for flooding larger 
areas. Thus, the discussion of their dynamics is often restricted on questions about 
the variation of discharge. This limited view can not be accepted in geomorphology. 
The dynamcs of rivers comprises all the work they actually do including erosion, 
transport and sedimentation, as well as channel adjustment which varies (naturally) 
with the seasonal and annual variation of discharge. In many cases, the information 
on the present-day dynamics of rivers is poor. The variation in fluvial dynamics of a 
river system in time (caused by changes in the basin parameters, in climate or in 
human activity) is often only qualitatively known.

During the last years, data has been collected on the fluvial dynamics in South-West 
Germany (cf. BARSCH, D. et al. 1989, 1993, 1994a, 1994b; BAADE, J. et al. 1992, 
BAADE, J. 1994, SCHUKRAFT, G. in prep., SCHULTE, A. 1995). Studies were 
undertaken in the basin of the Elsenz (southwest of Heidelberg) and partly at the 
Neckar (Fig. 1).

Present-day transport in the Elsenz River

The sediments transported by the Elsenz today are silt, derived from soil erosion of 
the loess, which covers the catchment (maximum thickness more than 15 m). 
Bankfull discharge of the lower Elsenz (at Bammental) occurs once every 2.6 years 
(1970-90). In the period before 1970 (ie. 1930-70), the discharge was recorded once 
every 1.3 years. If only the wetter years 1978-90 are considered, bankfull discharge 
is observed once in 2 years (SCHULTE, A. 1995: p. 156).

Two flood events and their sediment transport characteristics will be discussed. The 
flood of March 1988 is a 10 years event (over bankfull discharge, maximum 90 m3 s' 1 
at the Hollmuth gauge); the flood of Febrary 1990 is about a 5 years event (bankfull 
discharge, maximum 75 m3 s '1). The sediment transport values in suspension are 
given in Fig. 2 (SCHULTE, A. 1995: 161). In general, it can be said, that a five years
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event transports about 15,000 t a"1 out of the catchment; a ten years event about 
40,000 t a' 1 (SCHULTE, A. 1995: p. 162, cf. FLUGEL, W.A. 1982).

Fig. 1 The investigation area of the Elsenz catchment and the lower course of the Neckar river 
(gauges and sampling sites are marked)

From the sediment transported in suspension by the floods of March 1988 and 
February 1990, the figures given in table 1 can be used to calculate the sediment 
delivery from the channel. The balances of 29,000 t (March 1988) and 11,000 t 
(February 1990) must have been eroded in the channel itself. Measurements in the 
channel and a comparison with measurements completed in the last century show 
no measurable changes and a stable sequence of pools and riffles. The sediments 
are, therefore, supposed to be a liquid mud, not detectable by echo soundings, but 
nontheless present and can be sampled by core freezing. The sediment accumulates 
in the pools and behind the weirs during local events. Small storms create soil 
erosion and especially gully erosion in the thalwegs above the upper ends of the 
channels (Tiefenlinienerosion), but not a flood which effects the whole system. This 
is a scale problem: The micro-scale events (local storms) are loading the system, the 
meso-scale event (as bankfull discharge in a 500 km2 catchment) flushes the 
material stored in the channel. This is supported by the lapse time between the 
maxima of sediment concentration and discharge. At the Hollmuth gauge (output 
Elsenz catchment, see Fig. 1 and 2) the concentration maximum occurs 9 h before 
the peak discharchge. There exist additional indications that the channel reach, in 
which the liquid mud is stored, is only 13 km long (below the gauges at the lower 
Schwarzbach and at Meckesheim).



Fig. 2 Suspension load and sediment deposits at the Elsenz catchment during the 10-year flood in 
March 1988 (SCHULTE, A. 1995)

Present-day transport in the Neckar River

During the flood events of March 1988, February 1990, December 1993 and April 
1994 the transport in suspension by the Neckar at Heidelberg (basin area ca 14,000 
km2) was sampled. Maximum discharge was 1950 m V ,  2310 m V ,  2650 m V ,  
2380 m3s '1, respectively; the recurrence interval is 20, 50, 100 and 50 years 
respectively. The sediment load during each event has been calculated to 1,200,000 
tons, 510,000 tons, 700,000 tons and 350,000 tons.

The maximum concentration of suspended sediments is always measured before the 
maximum discharge. This indicates also for the bigger system that part of the 
sediment must have been stored as liquid mud in the channel. The figures 
demonstrate that the storage has been exhausted and the 1 0 0  year flood event in
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1993 transported less sediment than the flood of 1988 which was only a 20 year 
event.

March 1988 February 1990
Maximum flood discharge 90 m^s" 1 75 m^s ' 1
Input by the tributaries to 
the lower course of the 
Elsenz (A)

41,000 t 8,800 t

Output by accumulation 
on the floodplain lower 
course (B)

28,000 t 3,800 t

Output from drainage 
area into the Neckar river 
(C)

42,000 t 16,000 t

Total sediment in 
transport from the 
catchment (B) + (C)

70,000 t 19,800 t

Sediment eroded in the 
channel of the lower 
Elsenz [(B+C) - A]

29,000 t 11,000 t

Am ount o f bank erosion
(X) = % of [(B+C) - A]

40% 55%

Bank erosion above 
middle water
(percentage of X)

40 % 30 %

Liquid mud (percentage 
of X)

60% 70%

Table 1 Measured flood discharge, suspended load, bank erosion and liquid mud at the Elsenz river 
during the floods of March 1988 and February 1990 (SCHULTE, A. 1995)

Changes in Holocene transports in the catchment o f the Elsenz

A very important archive on the Holocene fluvial dynamics is presented in the 
floodplain deposit of the river Elsenz and its tributaries. On top of sandy-gravelly 
deposits lie 4 m of fine-grained alluvium (Elsenz) increasing up to 7 m in the 
tributaries. The sediments are derived from the well developed loess cover, and they 
are of mid and late Holocene age. The sedimentation is a consequence of the soil 
erosion caused by neolithic farmers (cf. BARSCH, D. et al. 1993, LANG, A. 1995). It 
was strong enough to force a change in river behaviour from a sand-gravel 
dominated channel, which was inherited from periglacial times, to a pure silt system 
in all parts of the basin of the Elsenz. The silt dynamics is still dominant today. It can 
be shown that the intensity of the silt sedimentation increased from 5000 BP to the 
present. This can be demonstrated by a graph (Fig.3), which shows the development 
of the floodplain at three different locations.

50



It is not yet possible to isolate single events in the cores through the flood plain 
deposits, but it can be shown that in the beginning of the sedimentation of soil 
erosion products, sand played some part in the sediments. Later, sand grain sizes 
are no longer found and the amount of clay increases. Around 1000 AD, the clay 
fraction in the sediments reaches a maximum. It is assumed that at this time the clay 
rich B horizons of the lessivees (Parabraunerde) were eroded in most parts of the 
catchment and the unweathered loess formed the surface of most slopes. Thus, the 
sediments after 1000 AD present more or less the grain size distribution of pure 
loess.

Soil erosion still plays a major geomorphic role in this area today, even if the input 
into the channels is much smaller than soil particle movement measured on fields 
and field plots. It is around 1.0 t ha' 1 a"1 and 1.6 t ha'1a' 1 in two Elsenz tributaries, 
and it is mainly derived from linear erosion (gullying, Tiefenlinienerosion; cf. BAADE, 
J. eta l. 1992, 1993, BAADE, J. 1994).

(BC I 9000 8000 1000 1950 (AOI

Scf>ematisch«3 Q uerprofil der Eisenztalaue

zwischen koh ia iven  und kieshaltlgen 
Sedimenten

Fig. 3 Rate of sedimentation at the floodplain of the Elsenz during Holocene (ages in 14C- cal. BP) 
(BARSCH, D. etal. 1993)
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Conclusion

It is assumed that not only the sedimentation increased since 5000 BP, but also the
fluvial dynamics, which caused intense flooding of the valley bottom. Today, the
deep channel of the Elsenz prevents flooding. At the moment, a trend to bank
erosion and channel widening is observed.
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