Geog 313 Geomorphology II

Section 4 – River Valleys and Fluvial Lanforms

Section 4 – River Valleys and Fluvial Landforms
· In the previous section, we discussed the interactions between discharge and sediment load.  Here we expand on that concept and begin to look at some of the geomorphological expressions of those interactions.
· We know that streams are constantly adjusting the channels and valleys they flow through, but how can we identify some of those adjustments in the landscape?  How can we interpret previous flow conditions from sediment deposits and landform features?  What information to these features hold?

· Specifically we will discuss the nature of floodplains, alluvial deposits and fans, the hydraulic geometry of streams, terraces, and pediments.
4-1 – Floodplains
- 
Floodplains are quite ubiquitous, all major rivers have well-developed examples, yet their definition is rather vague.  Smaller, lower streams may only have a thin layer of poorly sorted silts, sands and sub-rounded gravels (Table 4-1) 
Table 4-1.  Typical valley fill sediments (Selby 1982).
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-
Floodplains are rather flat, horizontally bedded features located along the valley bottom and consist of material reworked by river action at least to some depth.

-
Floodplains are created and modified by one of two main processes: lateral migration of channels cross them; and by over-bank deposition from floodwaters.  These processes are distinguishable based on differences in deposits and landforms (Fig 4-1). 
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Figure 4-1.
Changing channel pattern and deposits, resulting from changing sea-levels, supply of debris and discharge, in the last 20,000 years for the lower Mississippi (redrawn after Fisk, 1944 in Selby, 1982).

-
In some cases floodplains may be built on other material such as glacial till, eolian deposits or colluvium, but in order to be considered an active floodplain, the overlying material must at least periodically, be in contact with stream flow.
-
This periodicity also represents a bit of dilemma.  According to some researchers the active floodplain is reworked by fluvial action an average of 2 out every 3 years (recurrence interval of 1.5 years).  This is commonly referred to as bankfull discharge.
-
As with any recurrence interval dealing with natural phenomena, bankfull discharge may happen every year for 5 years or not at all for 10 years.  But on average (say 20-100 year record) a river will overflow its banks once every 1.5 years. 
-
Bankfull discharge is also called the dominant channel-forming discharge because this event is frequent and large enough to mobilize most of the material comprising the channel and floodplain. 
-
The floodplain material is exposed to weathering while in temporary storage but over time moves down the valley to another temporary storage area and eventually to an outlet.
-
During floods, the coarsest material is often deposited first just above the channel banks and forms natural levees.  Deposits beyond this are progressively finer grained (Fig. 4-2).

[image: image3.jpg]Meandering, graded
stream

Meander scar Oxbow lake

Yazoo
tributary

(a) Natural levees



(b)[image: image4.jpg]Active channel

Terrace Braid bar

(old floodplain)

o
B

AN

Floodplain

Fine grained
channel fill




Figure 4-2.  The main depositional features of a meandering (A) and braided (B) channel (modified after Allen, 1970 in Selby 1982).

-
Areas beyond the channel levees become poorly drained swamps and may give rise to yazoo tributaries looking for a way back to the main channel.  Periodic breaches of levees results in splay deposits which are delta-like features protruding almost 90 degrees to the direction of flow.
4-2 – Hydraulic Geometry of Stream Channels
-
It is important to understand how a channel will adjust to short-term changes in discharge.  Beyond the long-term floodplain adjustments, land use planners and watershed managers need to know how a stream might react to local changes in discharge.

-
Given a stable cross-sectional channel configuration of any stream, discharge can be plotted against each of mean water velocity (v), mean depth (d) and width (w) of the flowing water, slope (S), channel roughness (n), and suspended sediment (Ls) (Fig. 4-3).
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Figure 4-3.  Hydraulic geometry relationships of river channels comparing variations of width, depth, velocity, suspended load, roughness, and slope (Ritter et al. 2002).

-
The relationship between changes in discharge and width, depth and velocity for any single point along a river channel can be expressed in mathematical terms as


w = aQb
d = cQf


v = kQm
where a, c, k, b, f, and m are constants at that particular location.  Furthermore because Q = w x d x v, a x c x k = 1 and b + f + m = 1.

-
These relationships allow us to predict with certain credibility what the response in width, depth and velocity will be to an increase or decrease in discharge for a given point along the river.

-
In order to establish the value of the constants, we need to know how the channel variables react to changes in discharge.  This requires gauging and instrumenting a section of the channel and acquiring real data over a period of at least a year.

-
We can also predict how these channel parameters will respond to changes in discharge in a downstream manner.  This requires us to know the down-stream increase in discharge and the channel configuration at two points along the stream.

-
These hydraulic geometry equations can applied to address various management problems such including the identification of flood-prone regions, areas of potential bank erosion and the construction of important infrastructure such as bridges.

-
Other uses include the identification of rivers which may be prone to rapid channel changes, assessing the influence of anthropogenic activity on channel configuration, or the categorization of rivers according to sediment concentration/discharge relationships in order to address rates of sedimentation or in-filling. 
4-3 – Terraces
-
Terraces represent former levels of floodplains or valley floors and are an indication that the current river once flowed at a higher elevation.  They are composed of two parts, the tread or former channel bed/floodplain; and the scarp (Fig. 4-4).
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Figure 4-4.  Parts of a fluvial terrace (Ritter et al., 2002).

· Terraces are clear indications that the river has experienced a period of renewed downcutting (entrenchment) (Fig 4-5).  This is generally as a result of tectonic uplift or climatic change affecting sea-level height and/or the discharge/sediment relationship of the river.
· There are several ways of classifying terraces.  Most commonly they are differentiated according to the material that they are cut into and whether they were created by stream erosion, deposition or both.
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Figure 4-5.  Types of stream terraces (Selby 1982, p. 287).

· Erosional terraces are the result of a relative decrease in the base level which rejuvenates the stream and accelerates vertical erosion into bedrock (rock-cut terrace or strath) or alluvial sediments (fill-cut or fillstrath).  Their tread surface is often blanketed by a thin layer of veneer and formed by lateral erosion at the pervious stream level. 

· Depositional terraces are cut into previously deposited valley fill sediments during periods of aggradation.  Renewed vertical incision causes the stream to cut down into the alluvium.  Several cycles of in-filling and incision creates nested-fill terraces.
· The interpretation of terrace sequences in the field must include consideration of the geology, tectonic setting, and climate.  The main distinguishing feature of erosional and depositional terraces is that the in the former, the capping alluvium is deposited at the same time that the underlying surface is eroded where as in the latter the underlying surface was already present before in-filling by alluvial sediments.
· Terraces may also be paired or unpaired depending on the degree of structural control and migration of the stream across its floodplain.  Paired terraces are more indicative of rapid drops in the relative base level.
· The number of terraces and their vertical frequency over the length of the channel may indicate certain controls on channel grade (Fig. 4-6).  In many cases previous terraces may have been obscured by subsequent exogenic process or river work.
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Figure 4-6.  Controls on terraces slopes in a downstream direction.  Base level and tectonic controls may maintain vertical separation or cause terraces to converge down-valley.  More rarely, local divergence can occur where channels are maintained across rising structure.  These diagrams indicate a continuity in the profiles which is not always the case (Selby, 1982).

4-4 – Alluvial Fans and Pediments
-
Alluvial fans are cone-shaped fluvial deposits that radiate down slope from a depositing stream leaving an upland source area (Fig. 4-7).  They are typically deposited in valleys, basins or at the margin of a plain.
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Figure 4-7.  Ephemeral stream/debris flow fan in the Kullu Valley, India.

· Alluvial fans have a common planimetric shape, no matter what environment they are formed in.  Their radial nature is a result of the stream migrating across the lower angle slope while depositing material due to a reduction in energy (Fig. 4-8).
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Figure 4-8.  (A) Alluvial fan, southeastern California.  (B) Ground profile of an alluvial fan. (Photo by W. K. Hamblin in Easterbrook, 1999) (C) Relationship of sediment size to slope of an alluvial fan (From Boothroyd and Ashley, 1975 in Easterbrook, 1999).

· They are commonly composed of stratified fluvial sand and gravel interbedded with poorly sorted muflows and/or debris flow deposits.  The coarsest/largest material is typically found at the apex of the fan with progressively finer material comprising the fan margins.
· Spatially extensive alluvial fans that coalesce into each other and loose their individual shape are referred to as alluvial plains.  These are typically formed cyclically during periods of rapid erosion and can thus be used to reconstruct the history of changes in discharge and sediment concentration through interpretation of the sedimentary record.
· Fans are common in tectonically active mountains where there is a ready supply of debris necessary for fan formation.  Humid regions or areas that have been recent glaciated are also known for extensive fan development.
· Fan slope is best related to transport efficiency which itself is the combined effect of drainage basin area and mean annual rainfall.  Fan area is related to drainage area size through the equation

Af = cAd n
where Af is the area of the fan and Ad is the area of the drainage basin.  The exponent n is the slope of the regression line in a full logarithmic plot of the variables; it measures the rate of change in fan area with increasing drainage basin area.  The coefficient c indicates how much the fan spreads out. 
· One of the problems associated with interpreting fan deposits and using them to reconstruct historical flow conditions is that fans periodically undergo episodes of erosion or non-deposition.
· This poses a problem because fans, by their definition are depositional features so how can a depositional feature undergo periods of non-deposition or erosion?  What is driving the erosional episodes?

· It has been demonstrated that differences in the size and sorting of material being deposited is not necessarily linked to climate change or other external factors.  It may be as simple as subtle changes in precipitation characteristics driving a change in the fluidity/viscosity of the material being transported.

· Inactivity in one part of the fan or a change in channel entrenchment may be brought on by the diversion of flow around a particularly large boulder deposited during a high discharge event.

· Others have noticed that fans in southern California underwent a period of rapid aggradation during the late Quaternary glacial climates and dissection or erosion during the Holocene.
· In areas lacking large, well-developed fans, pediments might signify the transition between the alluvial plain near the valley bottom and the mountain front.  Pediments, unlike alluvial fans, are mainly erosional features.  Mainly because they also serve as temporary storage areas for material originating upslope (Fig 4-9).
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Figure 4-9.  Landforms in the mountain-basin geomorphic system: M = mountain area, Mf = mountain front, P = pediment, PT = piedmont plain, A = alluvial plain, BLP = base-level plain (Ritter et al. 2002).

· No single comprehensive definition of pediments exists but generally they are described as gently sloping surfaces exposing bedrock or mantled by a thin veneer of alluvium and sometimes colluvium that can be transported off the slope the next significant flood event.

· They are found throughout the world, not just in arid regions as initially thought.  In fact their formation may be related to intense chemical weathering of the underlying rock surface under humid conditions.  Removal of the weathered material leaves behind conspicuous rock outcrops called inselbergs.
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