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Chapter 3: Weathering, Soil and Mass Wasting

Debris Flow—also known as Mudflows (p. 90)

Mystery terms (You do not need to know these terms, but the book uses them so I have provided the definitions to help you understand what the book is trying to say):  

mass wasting is the downslope movement of rock, regolith and soil. Mass wasting is caused by gravity. Rock, regolith and soil will move downslope more easily if they are wet, so water is important to mass wasting but running water (i.e. in streams) is not involved.
regolith is the layer of loose rock and mineral fragments produced by weathering.

A.
Debris Flows in General
1.
What is a debris flow? (In addition to reading the text, also study Figure 3.22C on p. 88 and Figure 3.26 on p. 90)

2.
Are debris flows more common on ridges or in canyons?  Explain. 

B.
Debris Flows in Semiarid Regions
1.
Why are debris flows common in semiarid regions (like California)?

2.
Describe a debris flow (What does it look like? What is it made of?).

3.
Describe the consistency of the “mud” that is involved in debris (mud) flows.

C.
Lahars (Volcanic Mud Flows)


Many volcanoes, especially those that form at subduction zones, periodically erupt explosively.  During an explosive eruption, the lava does not flow quietly out of the volcano; it sprays out as an explosive mist of tiny droplets moving at tremendous speeds. These droplets of lava solidify instantly and form a gray powder called volcanic ash. The 1980 eruption of Mt. St. Helens is an example of such an explosive eruption (see Figure 8.14 on p. 238 for a photograph of a cloud of ash racing down the slope of Mt. St. Helens). Volcanic ash is very fine, loosely packed and unstable and it can accumulate in very thick layers on steep slopes. Until the layers of ash on these slopes are compacted and/or stabilized with vegetation, they are perfectly suited for producing debris flows. Thus, in the weeks, months and even years after any major eruption of volcanic ash, lahars (volcanic mud flows) inevitably occur in the canyons that drain the volcano. See Figure 8.16 on p. 239 for a photograph of a lahar that occurred shortly after the eruption of Mt. St. Helens.

1.
Describe how a lahar forms (see p. 90). 

2.
An explosive volcanic eruption, by itself, cannot trigger a lahar. Some other dramatic geologic event is also needed. Describe two such events than can help trigger lahars.

a.

b.

3.
(Thought question--not covered by the book). 


If you look at Figure 3.26 on p. 90, you can see that, wherever a debris flow stops, it forms a thick layer of sediment. New layers of sediment can then cover the debris flow and, eventually, the debris flow may lithify and become a sedimentary rock. How would you distinguish a sedimentary rock that was deposited as a debris flow from a sedimentary rock that was deposited as sediments settling to the bottom of a body of water?  


Hint: running water will only deposit sediment while it is slowing down. The sedimentary particles that settle to the bottom will be those that are small enough to be carried by the flowing water at its old faster speed, but big enough that the flowing water can no longer carry them at its new slower speed. Thus the sedimentary particles deposited will all be about the same size.

Chapter 4: Running Water and Groundwater

Stream Valleys (p. 108–109)

Mystery terms (You do not need to know these terms, but the book uses them so I have provided the definitions to help you understand what the book is trying to say):  

base level is the level of the water's final destination in a given stream (the base level for most streams is sea level).

a graded condition is when a stream slopes smoothly down toward its base level; there are no “bumps.” As you follow the stream in a downstream direction, its gradient gradually decreases, becoming perfectly horizontal where the stream enters the ocean. See Figure 4.5 (p. 103) for an illustration of a stream in a graded condition. All streams “want” to be in a graded condition; those that are not will either deposit sediment or erode their beds in an “effort” to become graded. Figure 4.6 (p. 103) shows a stream that starts out in an ungraded condition and then gradually erodes its bed until it becomes graded.

A.
Narrow Valleys: What does a narrow V-shaped valley indicate about the primary work of a stream? (see Figure 4.13 on p. 109 for an illustration of a typical narrow valley—note also that Big Chico Creek Canyon in Upper Bidwell Park is a narrow V-shaped valley). 

B.
Wide Valleys: What does a wide valley indicate about where the energy of the stream is being directed? (see Figure 4.14 on p. 109 for an illustration of a typical wide valley—note also that the Sacramento River occupies a wide valley). 

1.
Floodplains 

a.
What is a flood plain and how does it form? (See Figures 4.12 on p. 108 for an illustration of a flood plain)

b.
Why is a flood plain called a flood plain?

2.
Meanders (See Figure 4.15 on p. 110 for an illustration of typical meanders)

a.
Where is the current moving fastest, on the outside of the meander bend or on the inside of the meander bend?

b.
Erosion occurs on the   outside  /  inside  of the meander bend (circle the correct answer).  

c.
Thought Question:  Clearly and fully explain your reasoning behind your answer to question b. In order to write a complete answer, you will have to incorporate a concept that you learned in lab.

d.
Sediment deposition occurs on the   outside  /  inside  of the meander bend (circle the correct answer).  

e.
Thought Question:  Clearly and fully explain your reasoning behind your answer to question d. In order to write a complete answer, you will have to incorporate a concept that you learned in lab.

Water Beneath the Surface (p. 113–114)

A.
Does groundwater typically flow in underground “rivers?”  If so, explain what determines the locations of these rivers. If not, explain how ground water does flow.

B.
The Importance of Groundwater: What percent of the world's fresh liquid water is ground water?  

D.
Groundwater's Geological Roles: Water plays a significant role in keeping rivers flowing during dry periods.  Explain.
Distribution and Movement of Groundwater (p. 115–117)

A. How does water get into the ground?

B.
Distribution

1.
The Water Table: The book defines the water table as “the upper limit of” the zone of saturation.  Translate this definition into ordinary language, focusing on how the rocks and sediments below the water table differ from those above the water table.

2.
Is the water table perfectly level (horizontal)?  Why or why not?

C.
Movement

1.
Porosity

a.
What is porosity?  

b.
The porosity of the underground rock or sediment determines…

	the quantity of groundwater that can be stored in the rock or sediment
	how rapidly the water can flow through the rock or sediment



(circle any and all  correct answers)

2.
Permeability

a.
The permeability of the underground rock or sediment determines…

	the quantity of groundwater that can be stored in the rock or sediment
	how rapidly the water can flow through the rock or sediment



(circle any and all  correct answers)

b.
What characteristic of a rock or sediment determines its permeability?

3.
Can a rock or sediment have a high porosity but a low permeability?  Explain.

Springs (p. 117)

A.
What is the relationship between the water table and a spring?

B.
What is the source of the water that comes out of springs?

Chapter 2: Rocks: Materials of the Lithosphere

Metamorphic Rocks: New Rocks from Old (p. 55–60)

A.
Introduction

1.
What is the derivation of the word “metamorphism?”

2.
Where and why does metamorphism take place? (Hint: it has to do with stability and instability)
3.
Is melting involved in the formation of metamorphic rocks? Explain.

4.
Describe the two settings in which most metamorphism occurs

a.

b.

B.
Agents of Metamorphism

1.
Heat as a Metamorphic Agent

a.
What is the most important agent of metamorphism? Why?

b.
Describe two sources of heat to metamorphose rocks.

i.

ii.

2.
Pressure (Stress) as a Metamorphic Agent (See Figure 2.20 on p. 57)

a.
Confining pressure: Confining pressure is simply a function of depth. The deeper you go into Earth, the more rock there is above you and therefore the greater the pressure.

What does high confining pressure do to a rock? 

i. 

ii.
b.
Differential Stress (also known as “Directed Pressure”: 

i.
How is differential stress different from confining pressure?

ii.
What does high differential stress do to a rock?

3.
Chemically Active Fluids: How do chemically active fluids influence the metamorphic process?

C.
Metamorphic Textures (p. 58–59) 
1.
At high metamorphic grades, the grain size (not the overall size) of a rock tends to 


   increase    /   decrease  .  (circle the correct answer) Explain.

2.
Foliated Texture (Be sure to study Figure 2.22 on p. 58)

a.
What is a foliated texture and how does it form?

b.
The rock below is foliated. Draw arrows to show the direction of the compressional force that acted on this rock to form a foliation.
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� Confining pressure in Earth’s crust is analogous to air pressure in the atmosphere, as we shall see later this semester. Air pressure is a function of the amount of air above you. Therefore, the higher you go in the air, the lower the air pressure.
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