














































156 J. I. S. ZONNEVELO 

(If the Cromer Ill exist). The Hattem-complex in the Netherlands seems to cor
respond with the "Glac. A" after recent investigations on erratic boulders in 
Northern Germany and Denmark. 

L. BUSTAMANTE. - La terrasse principale est caracterisee par des associations 
mineralogiques: 

- A l'amont de l'Ourthe: Association a chlorito!de Fe S.S. , hornblende brune, 
epidote, chlorito!de, grenat. 

- A l'aval du confiuent Meuse-Ourthe jusqu'a Neeroeteren: hornblende brune, 
chloritoi"de (Mn, Fe), hornblende brune, e·pidote et grenat. 

- A Neeroeteren: confiuent Meuse-Rhin au Mindel epidote a grand diametre, 
hornblende verte, grenat. 

Dans les problemes de correlation de terrasses, ii f aut tenir compte des condi
tions climatiques sous lesquelles evoluent [es rivieres. 

K. M. CLAYTON. - I should like to take up Dr. Zonneveld's remarks on the 
origin of river terraces. I would certainly wish to agree with his view that changes 
in the level of the sea had nothing to do with the stairway of terraces upstream, 
and that in this case at least, tectonic movements have not triggered terrace for
mation. The overall tectonic situation has, I agree, provided a framework within 
which climatically-induced changes of regime have operated. Of course, since at 
all times the rivers reached the sea, each terrace must in fact be linked with 
a particular sea-level. 

What I would whish to comment on is the prevailing European view of the 
way in which climatic changes have induced changes in river regime, and so 
caused the formation of a fiight of terraces. It seems necessary to warn against 
too great a simplification of the situation: it is attractive to imagine that all 
terraces are the result of braided stream patterns under conditions of what we 
may loosely call periglacial conditions. I do not know how secure is the sedi
mentological evidence that these large European rivers always adopted a braided 
form under cold conditions with a high rate of sediment supply. It is clear from 
American work on channel processes that it is just as possible for a meandering 
channel to form a fiood-plain (which will in time be converted by incision to a 
terrace) by cut-and-fill processes- indeed this is just as effective as the processes 
associated with a braided situation. I take it that such a terrace, formed by what 
Leopold and Wolman have called cut-and-fill is the equivalent of what European 
workers are calling (in translation) an "erosional terrace." 

To clarify this point may I refer to the British situation. I know of no evidence 
that the River Thames ever departed from a meandering channel, even at times of 
high sediment load when the climate was cold. More significantly, we should note 
that at least one of the best developed terraces of the Thames, the Boyn Hill 
terrace, is undoubtedly of interglacial origin and formed by the cut-and-fill of a 
meandering channel. It may be that regime changes were more limited in the 
British Isles than on the continent, but I do believe it is important to bear in 
mind the ability of any river, whatever its regime, to form a floodplain which 
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with time may become a terrace. There seems to me a danger that we may 
oversimplify the situation, and so at times fail to examine the field evidence with 
sufficient care. 

J. I. S. ZONNEVELD answers. - I completely agree with prof. Clayton when 
he says that both meandering and braiding rivers might erode a valley. The 
thing I wanted to mention is that in the Ardennes-Schiefergebirge during the 
Pleistocene a general trend of incision is to be observed and that this general 
valley-cutting was interrupted by phases in which the river was in the position 
to construct a flood plain. 

In most cases the material of this flood plain shows traces of periglacial 
conditions (syngenetic icewedges or cryoturbations; roundess ratios, more or less 
characteristic for periglacial river gravels, in one case even pollen evidence). We 
know that during periglacial periods the supply of slope material to the rivers 
was much more important than during interglacial times. The mentioned data 
therefore tally with the idea that the interruptions in the general valley cutting 
(i.e. the formation of flood plains) were not only coinciding with the cold periods 
but in reality were caused by the great supply of material. In some cases it could 
be shown that the rivers during such a cold period were braiding rivers (for 
instance the Lower Terrace of the Rhine near Nijmegen). 

Professor Clayton rightly warns against oversimplification. It would be wrong 
indeed to state now that everywhere and always river terraces are caused "by 
the climate." It must be held in mind, of course, that other phenomena can cause 
terraces as well. But it is a fact that for instance the Rhine and the Maas show 
practically the same sequence of terraces in spite of the fact that the tectonic 
situation are not alike and sea-level changes are not important. This seems to 
indicate that the role of changes in the supply of slope material to the rivers 
(which was highly dependent of the changes in the pleistocene climates) cannot 
easily be overestimated. 
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