H. Williams                                        GEOMORPHOLOGYPRIVATE 

EXAM 2 REVIEW SHEET
(Note: you should also study the powerpoint presentations)
SOILS ON SLOPES
Large-scale geologic structures provide the initial framework upon which landscape development proceeds. Finer details of landscapes (i.e. individual landforms) are usually determined by DIFFERENTIAL EROSION. E.g. domed strata provide rock layers dipping away radially from a central high point; differential erosion produces inward-facing scarps, outward-facing dipslopes and radial strike valleys.
Strength and Stress
In the context of geomorphology, strength refers to the ability to resist being moved by erosional processes, which normally operate in a downslope direction. The force exerted by erosional processes (including gravity) is a SHEAR STRESS directed downslope and causing a mass of rock or soil to shear over the underlying material.
Controls On Soil Characteristics
The characteristics of soil depend on: parent material; climate; vegetation; slope.
1. Parent material: influences;
a. the rate of soil development (rate of weathering)
b. soil composition e.g. shales produce a lot of clay; sandstone produces sandy soil
c. physical properties of soil e.g. permeability/drainage (number, size and connectivity of pore spaces); shrink-swell potential (amount of expansive clay); cohesive strength (clay content - clayey soils are "sticky" - this aids cohesion).
2. Climate: influences type and rate of weathering, amount of water moving through and over the soil; type of vegetation.
3. Vegetation: influences organic content of soil, strength of soil (roots increase cohesion)
4. Slope: Steeper slopes -> accelerated erosion, if rate of erosion > rate of soil development -> thin or no soil. Soils on steeper slopes also have lower water contents (lower infiltration) -> less weathering, less vegetation. Soils in low-lying areas have higher water contents, more weathering, thicker soils, more vegetation.
Rock And Soil Resistance To Shear Stresses
Depends on:
1. Frictional properties of material
2. Normal load (weight pushing rock/soil mass into slope)
3. Cohesion
Friction
Depends on hardness of shear surfaces; roughness of shear surfaces and number + area of points of contact between shear surfaces. Symbolized by angle of shearing resistance (f), which determines the coefficient of plane sliding friction tanf. (these values can be found in laboratory tests). Higher normal stress increases frictional resistance therefore for purely frictional materials (e.g. dry sand), shear resistance =dn tanf (where dn = normal stress).
Cohesion
refers to "binding together" of material e.g. chemical cementation in sedimentary rocks; surface water tension in pore spaces (i.e. sticky clay); binding root systems of plants. Therefore, TOTAL shear resistance (or strength),    S = C + dn tanf - the Coulomb Equation.
Shear stress. Refers to the force "pushing" the material down the slope. This depends on:
i) the weight of the material and
ii) the downslope component of gravity (see below).
Force = mass x acceleration (due to gravity).
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The arrow length is proportional to the magnitude of the force. Increased slope decreases normal stress and increases shearing stress.
Effect of water on soil strength. Water affects cohesion, friction and normal stress.
A. Moist soil: water films create a negative PORE WATER PRESSURE i.e. a "suction" which increases cohesion by "drawing" particles together.
B. Saturated soil: POSITIVE PORE WATER PRESSURES can develop, which "push" particles apart (i.e. water in pore spaces becomes "pressurized") - this ACTS AGAINST the normal stress, effectively reducing it. Since particles are pushed apart, cohesion and friction are also reduced.
To account for water pressures, the Coulomb Equation is modified thus:
                S = C' + (dn - Pw) Tan f'
where Pw = Pore water pressure
C' = Cohesion, including Pw effect
Tan f' = Internal friction, including Pw
Note: Negative Pw will increase both cohesion and friction, increasing strength. Postive Pw will decrease both cohesion and friction, decreasing strength.
The evaluation of slope stability is essentially based on a comparison of shear strength and shear stress i.e.
Safety factor F = shear strength/shear stress
If F > 1 = stable slope
F = 1 = critical threshold
F < 1 = failure
These calculations can be made, but only for a given set of conditions. Often, however, it is a change in "normal" conditions that causes failure.
Changes That Decrease Stability
1. Increased water content: Increased water content can change the strength and stress ratio in a number of ways, which are often concurrent.
a) increased pore water pressure - in effect this is related to the height of the water table. It is not surprising that most sudden slope failures occur during or after particularly prolonged or heavy rains. This situation could be particularly critical when a weak layer exists in the soil (e.g. clay layer; volcanic ash) and the water table rises above the layer, saturating it.
b) changes to the soil's physical properties - applies to clay-rich soils. Clays, when dry, can be very firm and stable. However, because clays absorb water they can become much weaker when wet; at first being capable of slow internal deformation and then, being capable of flowing like a viscous liquid. Prolonged saturation of clay layers (again due to elevated water tables) can therefore cause a progressive reduction in shear strength.
c) water loading on slopes - another property of increased water content is that it increases the weight of the soil, thus raised water tables can increase the shear stress and at the same time decrease the shear strength.
Example; Snow Pack Melting. Considering the above points, snow pack melting can be particularly effective at generating slope failures - the melting snow can saturate the soil and the remaining snow pack can add a great weight to the soil.
2. Removal of vegetation - e.g. logging; there are many documented cases of slope failures resulting from the removal of trees from steep slopes. The loss of root networks reduces the cohesion of soil, while decreased evapotranspiration raises water levels. Often slope failures occur several years after logging, when root systems decay away.
3. Increased slopes - usually constructed; increases stress, while decreasing strength (gravity acts less into the slope and more down the slope) - can also be caused by:
4. Undercutting slopes - e.g. river erosion, road cuts, wave action - removes support from base of slope and causes steepening of slope.
5. Loading of slope - e.g. construction, watering lawn..
6. Liquefaction - occurs during earthquakes, the shaking causes rearrangement of particles (mainly sand and silt), increasing packing and decreasing porosity; thus the water content can change from unsaturated to saturated (without adding water).
STRENGTH OF ROCK
Rock strength can be dependent on many different factors. A scheme devised by M.J. Selby incorporates 7 factors:
1. Strength of intact rock
2. Degree of weathering
3. Joint Spacing
4. Joint orientation
5. Joint width
6. Joint continuity and infill
7. Flow of ground water through joints
Selby’s approach allows QUANTIFICATION of these factors so that the strength of a rock can be measured.
1. Strength of intact rock (20%) - depends mainly on mineral composition and rock structure. Granite, for example, is mainly hard feldspar and quartz grains which interlock, making for a relatively strong rock. Shale is mainly soft clay minerals with a platy structure which flakes easily -> relatively soft.
Note: General rule of thumb: igneous and metamorphic rock = fairly hard; clastic sedimentary rock = fairly soft; limestone varies e.g. chalk = soft, other types of limestone can be quite hard.
2. State of weathering (10%) - Weathering changes hard minerals into softer ones and loosens up the structure of a rock -> reduced strength (note: complete weathering creates soil). This means that even a hard rock like granite can be a lot softer if it’s highly weathered.
3. Joint spacing (30%) - all cohesive strength is lost along a joint - the greater the density of joints, the weaker the rock (close spacing results in a greater number of joints).
4. Orientation of joints (20%) - dip into slope = stronger; dip out of slope = weaker; can be graded accordingly - see Table 7.2 in text.
5. Width of joints (7%) - affects cohesion, friction and water movement - the wider the joints the weaker the rock.
6. Continuity of joints and amount of joint infill with soil (7%) - Thick infill -> weaker rock, because strength of rock becomes strength of infilling soil (i.e. no points of rock contact along joint plane - all shear stress carried by weak soil layer in the joint).
7. Ground water outflow (6%) - as in soil, water can develop positive pressure in joints in rock. This water pressure can push rocks apart, effectively lowering friction and decreasing strength. The water pressure can be estimated based on outflow of water from the rock (table 7.2).
Main Points
1. Joint characteristics can account for up to 70% of rock strength - highly jointed granite can be less resistant to erosion than compact un-jointed sandstone.
2. In the absence of joints, the initial rock strength and the state of weathering become most important.
HYDROLOGICAL CYCLE AND HILLSLOPES
Introduction Outside of river channels where fluvial processes operate, all land surfaces can be considered HILLSLOPES (completely flat areas are very rare, and even they can be considered hill slopes with a slope of 0o). The erosion of hill slopes in most areas can be considered a system which links together WEATHERING (breaks down rock in situ), HILLSLOPE PROCESSES (mass wasting -  material - solid rock, regolith, soil - is moved down slope either by gravity or by running water) and EROSION (usually by rivers in valley bottoms).
The Role Of Water In Hillslope Erosion.

Most rain falls onto the valley sides. Whether or not the water infiltrates depends on 2 factors:
1. the infiltration capacity of the surface = rate of infiltration allowed by surface (depends on surface conditions).
2. rainfall intensity (e.g. inches per hour).
OVERLAND FLOWS:
where the rainfall intensity exceeds the infiltration capacity, HORTONIAN OVERLAND FLOW results.
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SATURATION OVERLAND FLOW occurs mainly at the base of slopes and in concavities, which become saturated during prolonged rain (by the combination of infiltration, interflow (flow down slope within the soil) and groundwater flow - once the soil is saturated its infiltration capacity is zero, so any additional rain will not infiltrate - it be will stored on the surface or become overland flow.
Subsurface Flows
Water that INFILTRATES the ground becomes either SOIL MOISTURE (films clinging to particles in the AERATION ZONE) or GROUNDWATER (the SATURATED ZONE, the top of which is THE WATER TABLE). Just above the water table there is the CAPILLARY FRINGE where water is drawn up from the water table by capillary action -> discontinuous saturation.
The water table is not level, it follows the shape of the surface - higher under hills, lower in valleys; because of this, both soil moisture and groundwater can flow from high elevation to lower elevations - down slope as interflow and groundwater flow.
These subsurface flows are usually very slow - a typical flow rate for clean sand is around 10 m/day; their main contribution to hill slope erosion is the removal of material in SOLUTION eg
Rock Type                 Ground Lowering (mm/1000 years)
Igneous/metamorphic                     0.5 - 7.0
Recent (Tertiary) sandstone             16 - 34
Limestone                                     22 - 100
AND, their contribution to SATURATION OVERLAND FLOW...

Overland Flows & Erosion. Hortonian and saturation overland flows move sediment down slope. This results in sheetwash, rills and gullies. Definitions: sheetwash = sheet of water flowing across surface; rills = sheetwash concentrates into small channels; gullies = sheetwash and/or rills concentrate into larger channels on hill slopes. Sheetwash is aided by rain splash erosion - raindrops detach particles from the surface - most effective in dry regions that lack protective vegetation. In all cases, the movement of soil and rock particles by flowing water is EROSION.
Rills formed from concentrated sheetflow; further surface flow concentration results in gullies. Cultivation disturbs the surface, can lower infiltration and promote overland flow and gullying.
In this region, Hortonian overland flows do occur - especially on Woodbine sandstone during intense rainstorms. Very intense rain may only last a few minutes, but a lot of erosion can occur.
Significant overland flows occur where infiltration is low and rainfall intensity is high. Infiltration is affected greatly by the presence of vegetation, which promotes infiltration by maintaining an open soil structure. For this reason, Hortonian overland flows occur mainly in arid regions with poor vegetation cover, which are subject to rare but intense thunderstorms. Eg. Big Bend area, West Texas, Southwest U.S.
In humid vegetated regions, overland flow is less common, except where the surface vegetation is disturbed (e.g. construction, fire, cultivation, compaction…. etc).
Another exception would be urbanized areas. Concrete has effectively zero infiltration. It generates Hortonian overland flows that drain rapidly into storm sewer systems. These in turn feed the water very quickly into local streams. The result is that floods may be more likely following urbanization of a watershed, unless there is adequate protection by levees, retention ponds and/or other flood control structures.
If flood protection is inadequate, flooding usually occurs downstream from the main urban area.
SLOPE PROCESSES AND LANDFORMS
Controls On Mass Wasting:
Mass wasting occurs on slopes (even very gentle slopes) because weathering attacks the surface rock allowing the resulting weak soil and regolith to be pulled downslope by gravity. Since weathering is a continuous process, many slopes become weaker and weaker until eventually they can no longer withstand the pull of gravity and move downslope (i.e. shear stress becomes larger than strength).
Types of Mass Wasting:
Based on:
1. MATERIAL TYPE (SIZE): Rock, Soil (debris=coarse sediment; earth & mud =fine sediment). Note: the deposits of mass wasting are collectively known as COLLUVIUM.
2. TYPE OF MOTION:
Falls: Free-fall of material under gravity - forms cliffs and talus slopes.
Slides: movement of slope material over a well-defined planar surface. These commonly occur where there are joints, bedding planes or fractures parallel to the surface of a slope.
Slumps: In thick, saturated, unconsolidated sediments, a slide can be rotational - producing a slump.
Flows: High fluid content; behaves like a viscous liquid flow. Coarse material mixed with mud = DEBRIS FLOW. Fine material alone referred to as an EARTHFLOW (unconfined) or MUDFLOW if confined to a channel. When mudflows emerge from channels they build ALLUVIAL FANS. Mudflows are common in flash floods in arid regions. Where mudflows emerge from channels onto flat valley floors, alluvial fans are built.
Creep/Heave: Slow movement of near-surface material (e.g. cms/year). Common on most slopes above a few degrees. Caused by gravity, freeze/thaw, shrinking/swelling, rain splash, burrowing. Shows up as curved tree trunks, bent walls, "wrinkled" slope surface (terracettes).
In North Texas, high-clay-content soils on steep constructed slopes provide good examples of heave. Movement is probably initiated by large cracks that form in the dry summers (review lab 3).
Slope Form
Much of the earth's surface is made up of valley side slopes (hill slope processes act in combination with fluvial processes to create river valleys surrounding river channels). From the point of view of geomorphology, the RATE and TYPE of hill slope erosion processes can have a major impact on landscape evolution by influencing the SHAPE of slopes. The question is, "What controls slope form (shape)?" - the answer suggested by geomorphological study is that the shape of a slope reflects the dominant weathering, transportational or depositional processes at work on the slope. In other words, there is a link between geomorphic processes (e.g. rockfall, creep, solution, deposition…) and slope shape (e.g. steep, gentle, straight, curved...).
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Convex Segments Occur on upper soil-covered slopes - result of solution, rain splash, sheet wash and soil creep, which increase down slope causing an increasing angle down slope (e.g. interfluves).
Straight Segments Occur where mass movement of coarse sediments and rock dominate e.g. rock falls, rock slides (uniform depth of removal maintains a straight slope).


Concave Segments Occur on lower slopes subject to deposition (eg. alluvial fans).
Climatic Controls On Slope Evolution
Both vegetation cover and hill slope processes are strongly influenced by CLIMATE - therefore, it is not surprising that contrasting slope form and slope evolution are characteristic of different climates.
Moist climates promote soil and vegetation and are dominated by creep and solution processes that create "smoothed" landscapes. Arid climate regions often lack soil and vegetation and are dominated by mechanical weathering and mass wasting of coarse sediment (rock falls and slides, sheetwash, rills, gullies), that create angular landscapes.
Humid-Temperate Climates
The pattern of slope evolution in these climates is one of faster erosion on steeper upper slopes and slower erosion + possibly deposition on lower slope -> overall slope "flattening out" or SLOPE DECLINE:
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Arid Climates The lack of soil and dry conditions means that mass movements dominate. In the absence of "smoothing" by creep; slope erosion tends to be fairly uniform, producing straight (erosional) and concave (depositional) slope segments.
The pattern of slope evolution in these climates reflects the balance between mass wasting and removal of sediment by erosion - if material accumulates at the slope base faster than it can be removed -> SLOPE REPLACEMENT:
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If material is removed by erosion as fast as it is moved down slope by mass wasting -> PARALLEL RETREAT and PEDIMENT formation:
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Stream Networks
The distribution of channels forms a hierarchy of small headwater channels draining into progressively larger channels downstream. Most channel networks evolve by headward erosion, perhaps along rills and gullies, to the point where water and sediment supplied from the surrounding DRAINAGE BASIN (delimited by a DRAINAGE DIVIDE) can be efficiently removed. One question is how many channels will form within a drainage basin? when will the channel network stop growing? The concentration of channels within a drainage basin is measured by DRAINAGE DENSITY (total channel length/drainage basin area).
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In answer to the question, the drainage density depends on the minimum area required to supply sufficient run-off (HOF, SOF, interflow) to a channel to maintain it against in-filling by mass wasting of its banks. The amount of run-off depends on climate, vegetation and surface infiltration rate; for example, in semi-arid areas, vegetation is sparse, surface infiltration is low and rainfall is often intense -> small area can produce large amount of run-off -> large drainage density. In any climatic area, variations in factors such as slope, rock type and vegetation will result in local variations in drainage density.
Drainage Patterns
The actual pattern of channels usually reflects the regional geologic structure and topography: 
RADIAL: channels drain dome-shaped geologic structures or volcanic cones; the streams radiate out from the central high point.
RECTANGULAR - usually form where streams have exploited rectangular networks of joints in rocks such as granite.
TRELLIS - form on parallel outcrops of rocks of varying resistance; main streams occupy strike valleys; shorter tributaries drain intervening ridges and join main streams at approximately right angles.
PARALLEL - main streams are all aligned in approximately the same direction; usually form where streams follow a regional slope.
DENDRITIC - a branching pattern, probably the most common, forms where rocks are fairly uniform or where there is no strong structural control on drainage patterns.
Apart from influencing the regional drainage pattern, geology will also influence the location of individual streams within a drainage basin via the action of differential erosion -i.e. as the landscape is worn down by erosion, streams will naturally tend to occupy lines of weakness caused by different rock types, faults or joints, or slight variations in rock strength. 
Stream Erosion
Water flowing through a channel has the ability to transport sediment supplied to it from hillslopes and/or erode its banks and bed to produce sediment to transport. The amount of sediment transported depends mainly on the volume of flow; this is of course related to the size of the drainage basin and will fluctuate according to inputs of precipitation.
The volume of streamflow, or discharge, is measured in cubic meters (or feet) per second. A graph showing the fluctuation in discharge through time is a HYDROGRAPH.
Sediment Sources in Denton Creek Drainage Basin.
Denton Creek drains portions of Montague, Wise and Denton counties. Clastic sediment sources in the drainage basin include rills, gullies and channel bank and bed erosion. Sediment eroded from the drainage basin is deposited into Grapevine Lake. The combination of heavy rain (for example during spring thunderstorms) and sandy ground with low permeability causes surface run-off and erosion in the northern portion of the drainage basin. The erosion creates large gullies and smaller rills. So, the visible sources are rills, gullies and bank/bed erosion - how is the sediment transported? Generally, 3 main sediment transport modes are recognized:
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1. Solution load - dissolved rock carried in the flow; generally, this is higher where much of the flow is derived from groundwater pathways, which allow water to stay in contact with rock for long periods. It is also higher where local bedrock is prone to chemical weathering - e.g. the limestones in the southern portion of Denton Creek drainage basin (this sediment is in effect "invisible").
2. Suspended load - finer sediment (usually clay and silt) suspended by turbulence in the flow (does not contact bed).
3. Bed load - coarser sediment (sand + gravel) that slides, rolls or skips along the stream bed - amount depends on the tractive force exerted by the flow + resisting force of bed material.
Where does the sediment go? In the case of Denton Creek, some of it is deposited in the floodplain surrounding the creek, some is deposited on the bed of the creek and the rest ends up in Grapevine Lake.
How do we measure stream discharge (Q)? : the volume of water flowing through the creek can be calculated by multiplying the cross-sectional area of flow (A) by the mean flow velocity (V). The cross-sectional area of flow can be found by simply measuring the depth of the stream at regular intervals (e.g. 1 meter) across the channel. Mean flow velocity can be measured by a flow velocity meter. Usually a number of measurements are collected from different positions across the stream and then averaged to find the mean velocity.
How do we measure suspended sediment load (Ss)?: the amount of sediment suspended in the flow can be calculated by filtering the sediment out of a water sample of known volume (e.g. 1 liter). Filtering devices usually employ a vacuum pump to draw the water sample through an extremely fine-mesh filter.
How do we measure Bed Sediment Load (Sb)?: coarse sediment (sand, gravel) that remains in contact with the stream bed as it is transported downstream (bed load) can be estimated mathematically. One approach is based on estimating the bed shear stress (the force exerted on the stream bed sediment by the flowing water) and the critical shear stress (the amount of force required to move stream bed sediment). 
How do we know that bed load is being transported? The tractive force exerted on the bed by stream flow deforms the bed into various sedimentary structures such as ripples and dunes - if these are visible, it suggests that bed load transport is occurring.
Stream Valleys
Generally speaking, it is true that river valleys in upper reaches tend to be narrow and steep, while in lower reaches valleys are wider and have more gentle slopes. The steeper slopes in upper reaches promote vertical and headward erosion, rather than lateral erosion. The exact shape of the valley is also determined by mass wasting, which depends on hillslope processes and rock strength.
In lower reaches, 2 important changes usually occur - the river becomes an alluvial channel (flows through its own alluvium); and the channel has a greater tendency to erode laterally, leading to a wider, flat-bottomed valley.
Middle reaches - streams begins to erode laterally, carving out a wide flat floodplain, filled with alluvium (stream sediment). More meandering, gentler slopes.
Lower reaches - floodplain wider, more meandering, gentler slopes.
The width of the valley created is dependent on the resistance of the surrounding rock to lateral erosion - so different rock types undergo differential lateral erosion (e.g. compare the valley width in Austin Chalk, Eagle Ford Shale, Taylor Marl in Dallas).
Channel Long Profiles
Recap: streams are steep in their upper reaches, more gently sloping in their lower reaches...
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So, streams naturally tend to develop concave-upward long profiles - this comes about because of the need to balance the transporting ability of the river and the input of sediment i.e.:
1. in the upper reaches of a network, discharge is low and sediment is coarse - therefore steep slopes are required to give the river sufficient energy to transport the sediment (if the slope was too low, sediment supplied by mass wasting would build up the bed of the channel and increase the slope: if the slope was too steep, the excess energy would erode the bed, lowering the slope and causing headward erosion).
2. in the lower reaches of a network, discharge is high and sediment is finer (because of abrasion) - therefore gentle slopes are sufficient to give the river enough energy to transport the sediment.
The bottom of the profile is aligned to the stream's BASE LEVEL (the level to which the stream erodes down to, but no lower). For many large rivers, the ocean represents base level, but for smaller streams - lakes, larger streams, resistant rock outcrops can all act as LOCAL BASE LEVELS. In reality, of course, the smooth concave profile is rarely achieved: irregularities such as resistant rock outcrops result in a "step" in the profile, marked by waterfalls or rapids.
Streams will try to adjust their long profile until the smooth concave shape is achieved. The bed of a stream can be lowered by erosion or raised by deposition. These processes are known as DEGRADATION and AGGRADATION respectively.
These processes also operate over the short term in response to precipitation inputs (i.e. a large storm causes sediment to be eroded from the channel bed and then deposited again when the storm ends and flow decreases).
Movement of sediment through a river system therefore tends to be discontinuous - the sediment is stored within the river system between storms that are big enough to cause the sediment to be re-entrained and moved further downstream - in many systems, it can take hundreds or thousands of years for sediment to move all the way through. Over the long term however, if as much sediment as is supplied can be moved through, the river is said to be graded (i.e. there is a balance between input and output of sediment to the river system), and the shape of the channel over the long-term may remain essentially unchanged (a graded long profile).
For this reason, many channels flow through their own deposits - these are ALLUVIAL CHANNELS. These occur particularly in lower reaches where deposition is more likely to occur; in the upper reaches channels may be cut directly into the underlying rock, forming BEDROCK CHANNELS.
 Floodplains
Since flow is faster around the outside of a bend, meanders tend to shift sideways by eroding their outer bank (faster flow -> erosion) and at the same time depositing sediment on their inner bank (slower flow -> deposition). The resulting plain is the FLOODPLAIN, because it is also the area that is flooded by the river when it overflows its banks.
Flooding adds to the deposition of alluvium, because finer suspended sediment (silt and clay) is carried in over-bank flows and then deposited on the surface of the floodplain. So floodplains are built from point bars and flood deposits. Floodplains are one of the major storages for sediment within the fluvial system. As noted last week, the deposition of sediment in the floodplain is a form of aggradation, but it is possible for the river to be in a state of dynamic equilibrium, if the amount of deposition is balanced by the amount of erosion, so there is no net gain or loss and sediment continues to be transported through the system.
River Terraces
River terraces are benches on the valley side formed when a river cuts into a former floodplain. Terraces can be formed in bedrock, but most terraces result from AGGRADATION followed by INCISION of the river valley - i.e. the formation of a VALLEY FILL (deposition of sediment raising the valley floor), followed by downcutting (caused by environmental changes). 

Valley fills form when the input of sediment to the river system is too large to be transported - for example, a climate change that results in more weathering and erosion.
In this area, large-scale aggradation followed by incision and terrace formation occurred widely during the Pleistocene epoch (the last ice age, beginning 3 million, ending 10,000 years ago). Thus, many Quaternary (= Pleistocene + Holocene epochs) fluvial deposits are in the form of terraces. As climates fluctuated during the Quaternary, the balance between sediment supply and river discharges changed: generally speaking, periglacial (marginal glacial areas) climates produced large amounts of sediment (by frost action, for example) - often more than could be transported, causing aggradation. During interglacials, sediment supplies were reduced and rivers incised their valley fills, creating terraces.
In this area the Hickory Creek Terrace (recently named by Reid Ferring) is one of the best defined. Probably formed 30-76 thousand years ago, the Hickory Creek Terrace represents slow aggradation over a long period, resulting in a very wide floodplain with a gradient less than that of the present-day floodplain.
The Hickory Creek terrace is responsible for discontinuous, relatively flat-topped benches, standing above the regular floodplain of local streams e.g. in the vicinity of Green Valley adjacent to the Elm Fork.
Example Questions:
1. Describe the major factors that control the strength of a mass of rock.

2. Explain why joint characteristics are so important in determining strength of a rock mass.

3. State the modified Coulomb Equation for shear strength of soil on a slope (i.e. including the effects of pore water pressure); define each term and explain why saturation of soil increases the likelihood of slope failure.

4. With reference to the article on landslide susceptibility mapping, describe the four factors used to assess landslide susceptibility, explain how a GIS was used to evaluate and map susceptibility and give two examples of how the landslide susceptibility map could be used by planners in Travis County.
5. Draw a labeled sketch of the hydrological cycle within a small watershed. Identify and describe each component.

6. Describe the three main modes of sediment load transport by rivers.

7. Explain, using diagrams if necessary, Hortonian overland flow, saturation overland flow and interflow.

8. Explain, with the aid of diagrams, the following models of slope evolution: a. slope decline  
b. slope replacement  c. parallel retreat.

9. Describe (with diagrams) five common drainage patterns and explain the origin of each. 

10. With the aid of a diagram describe the typical geomorphological features associated with floodplains.

11. Describe the typical morphology, sedimentology and origin of river terraces.

12. Describe five changes that decrease stability of slopes.

13. With reference to the article on the effects of urbanization on White Rock Creek, describe a. the hypothesis, b. the methods and c. the results of the study.

14. Describe, with the aid of diagrams, the following types of mass wasting: rockfall, rockslide, slump, mud flow, earth flow, debris flow, creep.
15. Define "drainage density". Why do semi-arid areas have high drainage densities?

16. With reference to the article on the effects of urbanization on White Rock Creek, explain (in general) why and how urbanization changes a stream's storm response in terms of peak storm flow, storm flow volume and lag time.
17. Describe the major clastic sediment sources in Denton Creek drainage basin.
18. Explain the connection between the following concepts: channel long profile; base level; aggradation; degradation; alluvial channel; bedrock channel.
19. Describe, with the aid of a sketch, river bluffs and river terraces.
20. Explain the connection between the Pleistocene epoch and river terraces in the North Texas region.

21. With the aid of diagrams explain shear stress and normal stress acting on soil on a slope. Show how the magnitude of these two forces depends on the slope angle.

22. Explain how stream erosion, bedrock outcrops and outliers have formed the major features of the landscape in the Denton area.

23. Based on the examples from Denton Creek shown in class, describe how to measure discharge and suspended sediment load.
24. With reference to the article on erosion from gas well sites, describe the main sources of erosion, the fate of sediment and the “site stabilization” effect.
25. Outline Selby's approach to the quantification of rock strength.
26. Give examples of how a). disturbance and b). urbanization causes Hortonian overland flows.

27. Using Isle de Bois creek as an example, explain why the size and shape of a drainage basin depends on the location selected to represent the outlet of the basin (based on Lab 5). 
28. Civita di Bagnoregio and Houston are both dealing with geomorphic hazards. For each city, describe the nature and cause of the hazard. Although the hazards are very different, the approach taken by each city is similar in terms of “restoring/maintaining rather than avoiding.” Explain this statement.
Exam 2 will consist of a choice of 4 out of 6 of the questions above.

