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Thermal Expansion

If you have completed the lab activity on Density, Buoyancy and Convection, you experienced first-hand a phenomenon called thermal expansion:  

• As the temperature of a substance increases, its volume also increases (it expands). 

The converse is also true: 

• As the temperature of a substance decreases, its volume also decreases (it contracts). 


You may have been wondering how this could happen. Do the individual molecules expand and contract? Careful scientific investigations reveal that they do not. Molecules do not change size. 


So what could be happening to cause substances to expand and contract? Well, in any given substance, there is lots of empty space between the molecules. Let's look at a small beaker of water for example. If we could somehow magnify the beaker, we would see what looks like billions of bouncing Mickey Mouse heads (water molecules) in a gigantic glass room with no roof. There is a fair amount of space between the Mickey Mouse heads. The warmer the Mickey Mouse heads are, the more energy they have. The more energy they have, the faster they move and the harder they bounce off of each other. So, if they heat up, they bounce harder and therefore spread out a bit, reaching a bit higher up toward the top of the glass room and leaving a bit more empty space between them--the group of Mickey Mouse heads expands without changing the sizes of the Mickey Mouse heads themselves. 


At the molecular level that is what a beaker of water looks like and that is how it expands. But the analogy isn't perfect; it does break down. In a room full of bouncing Mickey Mouse heads, what occupies the space between the Mickey Mouse heads? Air, right? In a beaker of water, there may be a small amount of air dissolved in the water, but even if we boil the water for a long time, driving all the dissolved air out, there is still space between the water molecules. What is in that empty space? Air? That can't be--we've boiled the water and driven all of the air molecules out. So what's in that empty space? NOTHING! Nothing at all. It's pure empty space.


So substances expand when heated simply because the individual molecules move faster, bounce against each other harder, and therefore spread out more, leaving more empty space (not air!) between the molecules than before.

Density
Density is “a measure of the compactness of matter, of how much mass is squeezed into a given amount of space; it is the amount of matter per unit volume.” (Hewitt, P.G., 1985, Con​ceptual Physics, 5th edition, p. 170). Here is a mathematical way to express what density is:



Density =  EQ \F(Mass (usually measured in g),Volume (usually measured in cm3))  
Population density is a good analogy for density of matter. A densely populated city, such as San Francisco, is full of high-rise apartments. A lot of people are crowded into every city block. A less densely populated city, such as Chico, is full of single-family homes with good-sized yards. Fewer people are crowded into each city block. Here are the densities of a number of substances:

	Substance

	Density (in g/cm3)

	Ice at -100°C
	0.9308

	Ice at -50°C
	0.9237

	Ice at -25°C
	0.9203

	Ice at 0°C
	0.9168

	Water at 0°C
	0.9998

	Water at 4°C
	1.0000

	Water at 25°C
	0.99705

	Water at 50°C
	0.98804

	Water at 100°C
	0.9584

	Continental crust
	2.7

	Oceanic crust
	3.0

	Mantle lithosphere
	3.4

	Mantle Asthenosphere
	3.3


Changes in Density with Temperature
As the temperature of a substances changes (and nothing else changes), the density changes systematically. You can see how this works in the table above. Compare the densities of water at different temperatures. Also compare the densities of ice at different temperatures.

Buoyancy

Buoyancy is “the apparent loss of weight of objects submerged in a fluid” (Hewitt, P.G., 1985, Conceptual Physics, 5th edition, p. 184). If you've ever tried to lift a boulder under water, you know that it seems to weigh much less than it does in air. Boulders are more buoyant in water than in air. Yet boulders will sink in water. Fish are even more buoyant in water than boulders are; they are so buoyant that they are essentially weightless in water. Fish neither sink nor float. Logs (as long as they're not water-logged) are even more buoyant than fish are. In fact, logs seem to have negative weight in water--they “fall” up (float) if you let them go. 


Just as different solid objects have different buoyancies in a fluid, different fluids also have different buoyancies relative to other fluids. For example, oil always floats to the top of a bottle of vinegar-and-oil dressing; oil is more buoyant than vinegar is. What determines whether a substance sinks or floats in a given fluid? Density!  Here are three simple rules:

1.
If a substance is denser than the fluid in which it is immersed, it will sink.

2.
If a substance is less dense than the fluid in which it is immersed, it will float.

3.
If the density of a substance equals the density of the fluid in which it is immersed, it will neither sink nor float.

Convection
Convection happens in any fluid that is hotter on the bottom than it is on the top. This is also true of solids that can flow (ever so slowly) like fluids. Due to thermal expansion and contraction and the resulting changes in density and buoyancy, the fluid circulates vertically (we will discuss this process extensively in both lab and lecture so I won't go into detail here). This vertical fluid circulation transports energy from the bottom of the fluid to the top. 

What do Thermal Expansion, Density, Buoyancy, Convection 

Have to do with Plate Tectonics?


Everything! Plate tectonics is a beautiful example of how processes as simple as thermal expansion/contraction, density differences, buoyancy changes and convection can work together to produce a phenomenon as complex as plate tectonics.

Sea-Floor Spreading Ridges (Divergent Plate Boundaries)

Closely examine Figures 7.11 and 7.12 on p. 198 of your textbook. These diagrams very nicely illustrate what happens at a sea-floor spreading ridge. The two oceanic plates are spreading apart with new plate material forming in the middle. Here is how the new plate material forms: In the asthenosphere below the plate boundary, partial melting occurs
, producing magma. The magma rises up because it is less dense than the surrounding solid rock2. The crust at the plate boundary directly above the melting asthenosphere is stretching apart and cracking open. When the magma reaches the crust, it rises through those cracks and fills them; lots of magma also pours out on to the ocean floor. When all of this magma cools and solidifies, it becomes new oceanic crust with a density of 3.0 g/cm3.


Ah, we're finally back to density. Why is it important that the oceanic crust has a density of 3.0 g/cm3? Because this density is lower than that of the asthenosphere (with a density of 3.3 g/cm3). As a result, oceanic crust floats quite happily on the asthenosphere. But if this is true, why would oceanic crust ever subduct (i.e. sink into the asthenosphere)? Wouldn't it be too buoyant to subduct?


Yes, oceanic crust would be too buoyant to subduct IF it stayed directly above the asthenosphere with no mantle lithosphere attached. But, that is not what happens. Something very important happens which allows the oceanic crust to eventually subduct, sinking into the asthenosphere like a piece of metal sinks into water. The essence of what happens is this: dense mantle lithosphere (density = 3.4 g/cm3) adheres onto the bottom of the low-density (density = 3.0 g/cm3) oceanic crust, “weighing it down.” It's a little like putting on lead boots while you're floating in water—the boots make you sink like a stone. Your density has stayed the same, but you and the lead boots act as one object that is much denser than water, causing you to sink. Similarly, oceanic crust (density 3.0 g/cm3) attached to a thick layer of mantle lithosphere (density 3.4 g/cm3) act as one object that is denser than the asthenosphere (density 3.3 g/cm3).


Here are the gory details: As Figure 7.12D on p. 198 of your text shows, there is no mantle lithosphere at the spreading ridge
; the oceanic crust sits directly on the asthenosphere. But Figure 7.12D also shows that, at a significant distance away from the spreading ridge, there is an impressive thickness of mantle lithosphere (which is denser than asthenosphere) attached to the bottom of the oceanic crust. Thus, as the newly-formed oceanic crust moves away from the plate boundary, mantle lithosphere begins to adhere to the bottom of the oceanic crust; the dense layer of mantle lithosphere gets thicker and thicker with time, making the overall density of the oceanic lithosphere greater and greater with time. 


Where does this mantle lithosphere come from? Well, it comes from the asthenosphere. Asthenosphere material literally converts into mantle lithosphere. This isn't as preposterous as it sounds. You see, the asthenosphere and the mantle part of the lithosphere are both made of the same material (ultramafic rock
). The only essential difference between the two is that the asthenosphere is hotter than the mantle lithosphere is. So, if you want to turn asthenosphere into mantle lithosphere, all you have to do is cool it off. And that is precisely what happens as the oceanic plate moves away from the spreading ridge and the hot magma located there: the oceanic crust cools off, cooling the asthenosphere below and converting that asthenosphere into lithosphere.


Because this newly formed mantle lithosphere is cooler than the asthenosphere it once was, it is also much stiffer and more rigid; it becomes part of the plate instead of being part of the (slowly) flowing fluid that the plate “floats” on. In addition, due to thermal contraction,
 the newly-formed mantle lithosphere (density 3.4 g/cm3) is also denser than is the asthenosphere below (density 3.3 g/cm3). Here is where the lead boots effect comes in. As the layer of dense mantle lithosphere below the oceanic crust thickens, the oceanic crust becomes more and more “weighed down” by the mantle lithosphere. In more technical terms, the average density of the oceanic plate (crust plus mantle lithosphere) gets greater and greater as the mantle lithosphere gets thicker and thicker. As a result, the oceanic lithosphere sits lower and lower in the asthenosphere (i.e. the ocean depth gets greater and greater); this is why there is a ridge at the divergent plate boundary but, farther away from the plate boundary, the ocean floor is quite deep (See Figure 7.12D on p. 198). Eventually, when the mantle lithosphere gets thick enough, the oceanic plate becomes denser (on average) than the asthenosphere below. As a result, when given the chance, this oceanic plate will sink “like a rock” into the asthenosphere below; i.e. it will subduct (see Figure 7.15A and 7.15B on p. 201 of the textbook).

The Driving Mechanism for Plate Tectonics:  Convection!

As the textbook states on p. 211, “Convective flow in the rocky 2900-kilometer-thick (1800-mile-thick) mantle—in which warm, buoyant rock rises and cooler, dense material sinks under its own weight—is the underlying driving force for plate movement.” Specifically, the earth is MUCH hotter in the center than it is on the outside. How much hotter is it? Well, geophysicists estimate that the center of the Earth has a temperature somewhere in the neighborhood of 4000°–5000°C (7000°–9000°F); the earth's surface has a temperature range of -50° to +50°C (-60° to 120°F). Now, another way of describing the unequal temperatures within the Earth is to say that the Earth is much hotter on the bottom than it is on the top (at any given spot on earth, the core is at the “bottom” since the direction toward the center of the earth is “down” everywhere). 


Anyone who has completed the “Lab Activity on Density, Buoyancy and Convection” knows that a fluid that is hot on the bottom and cool on the top will undergo convection. But how does this apply to the Earth? Well, for starters, Earth's outer core is liquid metal (mostly iron) and you can bet that it is convecting vigorously. In fact, geophysicists are quite sure that the rapid convection of the outer core is partially responsible for Earth's magnetic field (but that is another story that we will not pursue in this class). That's all very interesting, but the outer core is the only one of Earth's layers that is liquid--the other layers are all solid crystalline metal or rock (see Chapter 6 for details)--and the liquid outer core is DEEP within the Earth, far below the bottoms of the plates. Therefore, no matter how much convection occurs in the outer core, that convection can't possibly be causing the plates to move. 


So if we want to figure out what causes the plates to move, we have to look at what the asthenosphere--which is directly below the plates--is doing and what the rest of the mantle below the plates is doing as well. Here is where things get weird. Geologists who study the behavior of solid crystalline rock under high temperatures and pressures
, have found that solid crystalline rock can flow like a fluid--but ever so slowly--if those rocks are hot enough and under enough pressure. These geologists have even found that flowing rocks remain solid and crystalline (the individual crystals actually get bent and distorted) as they flow. So, even though Earth's mantle (including the asthenosphere) is almost all solid crystalline rock, it can flow very slowly, behaving like an extremely viscous (i.e. “thick”) fluid. This means that the Earth's mantle can convect. In fact, there is so much evidence for mantle convection that essentially all geoscientists are quite convinced that it occurs.

The Specific Links Between Mantle Convection and Plate Tectonics

Read the section entitled “What Drives Plate Motion?” on p. 211–213. The whole-mantle convection model is the best model we have right now. In other words, this model fits the currently-available evidence best. Here is some more information about this model:

Upward convection currents take the form of vertical rising columns (plumes) of hot low-density buoyant mantle rock that rise from the lower part of the mantle (analogous to rising blobs of the colored liquid in a lava lamp) all the way up to the base of the lithosphere (i.e. the plates). Some of these mantle plumes (such as the one below Iceland) are on divergent plate boundaries but most of them are not--many (such as the one below Hawaii) are smack-dab in the middle of a plate. Note that Figure 7.30B shows a volcano at the top of the rising mantle plume, seemingly implying that the entire rising hot plume of mantle rock is made of molten magma. In reality, this plume of mantle rock remains solid until it is immediately below the lithosphere, where it only partially melts-we'll find out why it melts when we study the origin of magma later in the semester.


Note that, in this model, active upwelling of hot mantle rock is NOT the driving force for sea-floor spreading. Hot mantle rock is NOT actively pushing aside the two plates as it rises up. Rather, mantle asthenosphere passively rises at divergent plate boundaries, filling in the gap created where the two plates are moving apart, just as water rises to fill in the gap between two pieces of floating wood that are drifting apart (see diagram below).  As the mantle asthenosphere passively rises, it partially melts--again, we'll find out why it melts when we study the origin of magma later in the semester. The passive upwelling of mantle asthenosphere at divergent plate boundaries is a local shallow phenomenon. Mantle plumes, which also cause volcanic activity (more on this later), have a much deeper origin and they are often NOT located at plate boundaries. 
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Downward convection currents take the form of cold dense low-buoyancy subducting oceanic plates that sink down through the mantle, eventually heating up enough that they lose their brittle rigid nature and become so pliable that they are indistinguishable from the rest of the mantle. Why are oceanic plates denser than the mantle? See the lecture on convection and plate tectonics.

Final Thoughts on the Link Between Plate Tectonics and Convection
The book and I (and many others) have often referred to mantle convection as the driving mechanism for plate movement. Perhaps that isn’t really the best way to state it. Perhaps it would be more accurate to say that plate movement is the surface expression of the convection of the outer part of Earth, including the mantle AND the crust. In other words, plate motion isn’t some separate phenomenon caused by convection. Rather, plate motion is an essential aspect of the convection of Earth’s mantle-plus-crust.

The Geological Definition of the Term Mineral
There are five characteristics that an Earth material must possess in order to be considered a mineral. Although what the book says is generally correct, I prefer my way of stating these characteristics. Please learn the five characteristics of a mineral as stated below.

For any earth material to be considered a mineral, it must exhibit ALL of the following characteristics:

a.
It must be naturally occurring.

b.
It must be inorganic (was never alive).

c.
It must be a solid.

d.
It must be crystalline; and all samples of the same mineral must have the same crystalline structure.

e.
It must possess a definite chemical composition; and different samples of the same mineral may vary in chemical composition only within specified narrow limits.

Clarification of Terms

“Naturally occurring” means that it is not made by humans in a laboratory or factory. 

“Inorganic” means that it is not made of organic molecules. When scientists call a substance “organic,” they mean that the substance is made of complex molecules composed primarily of carbon and hydrogen. Examples of organic substances include oil, protein, wood, and leaves. “Organic” substances are almost always made by living things. “Inorganic” substances are usually made by processes that do not involve living things, although they can be made by living things. Seashells, for example, are not considered “organic” because they are made of calcium carbonate, not carbon and hydrogen.

“Crystalline” means that the atoms that make up a mineral are always arranged in an orderly geometric pattern. The same mineral will always have the same geometric arrange​ment. To see examples of different types of crystalline structure, look at the illustrations of a single tetrahedron, single chains, double chains, and sheets in Figure 2.21 on p. 42.

“Definite chemical composition” means that, for two samples to be considered the same mineral, they must have similar (not necessarily identical) chemical compositions. Minerals typically have a range of compositions, but that range has limits. For example, olivine has a chemical composition of (Mg,Fe)2SiO4. What this means is that olivine is made of one silicon atom bonded to four oxygen atoms and two other atoms. Those two other atoms can be two magnesium atoms, two iron atoms, or one magnesium atom and one iron atom.

Minerals Formed By Chemical Precipitation


One of the four basic residual products of weathering is chemicals dissolved in water. These chemicals do not remain in solution forever. For various reasons, they eventually “precipitate out” and form new minerals. These new minerals are usually quite different from the original minerals that weathered and produced the dissolved chemicals in the first place. 


For example, when feldspar weathers, it transforms into clay minerals and dissolved chemicals: silica, potassium, sodium and/or calcium (see Table 4.1 on p. 89 of the textbook). The water that is carrying these chemicals usually flows downstream and makes its way to the ocean. Other minerals will weather to form, among other things, chloride ions dissolved in water. The water carrying these ions usually makes its way to the ocean too. The ocean, in fact, contains so many ions of sodium and chloride that it tastes very salty (table salt is sodium chloride). The sodium and chloride may precipitate out of the sea water and form crystals of the mineral halite (i.e. sodium chloride).


What could cause this to happen? The next three sections describe three processes that can cause chemicals to precipitate out of a solution:  evaporation, cooling and the action of living things.

Chemical Precipitation Caused by Evaporation

When water evaporates from the ocean, it leaves any dissolved chemicals behind. Sometimes, especially in warm shallow ocean bays, a large proportion of the water evaporates, concentrating the dissolved chemicals in the remaining water. Eventually, the dissolved chemicals may become so concentrated that the water can no longer hold them all--it may become a supersaturated solution. As a result, various chemicals will precipitate out, forming crystals that settle to the ocean bottom. Almost all halite crystals form in this way.

Chemical Precipitation Caused by Cooling

Evaporation is not the only way that a solution of chemicals in water can become supersaturated. A temperature change can also do the trick. Warm water can usually hold more dissolved chemicals than cold water can. Thus a chemical solution that is unsaturated can become supersaturated just by decreasing its temperature. For example, hot springs produce hot water that contains various chemicals in solution. When that hot water cools off in the open air, the solution becomes supersaturated. As a result, various types of minerals precipitate, forming the white mineral deposits characteristic of hot springs.


A temperature drop can also cause minerals to precipitate in cracks or cavities under the ground. Most underground “open” spaces are filled with water that contains dissolved chemicals. This water doesn't stay put; it flows through the open spaces. As it does so, it sometimes cools and becomes oversaturated. It then precipitates some of its dissolved chemicals onto the walls of the open spaces. Most museum-quality mineral specimens were formed by this process--for various reasons, the crystallization process stopped before the open space was completely filled; thus the crystal forms of the minerals were preserved. 

Chemical Precipitation Caused by the Action of Living Things

Living things, especially micro-organisms, are unimaginably abundant in rivers, lakes and the ocean. They “drink” the water and use the minerals that were dissolved in the water to make their shells, skeletons, cell walls, poop, etc. A great deal of calcite (calcium carbonate) is formed this way. When these creatures die, they settle to the bottom and form layers of chemical sediment.

Minerals Formed During Metamorphism


Rocks (and the minerals they are made of) are formed by a variety of processes under a variety of temperature, pressure and chemical conditions. Minerals are often stable only under the particular conditions that prevailed when and where they formed. If these conditions change, the minerals may become unstable and change to adjust to the new conditions. We have already seen that minerals that were formed at high temperatures or underground will weather when exposed to surface conditions. The weathering process converts minerals that are unstable at Earth's surface into minerals that are stable at Earth's surface.


Minerals can also undergo profound changes when they are subjected to conditions deep underground. We call these types of changes metamorphism. For example, sedimentary rocks, which form under low temperature and pressure conditions at Earth's surface, undergo metamorphism when they are buried deep underground where pressures and temperatures are high. Specifically, the original minerals in the sedimentary rock recrystallize to form new metamorphic minerals that are stable under the new conditions. During the process of recrystallization, the atoms and ions that make up the original minerals will actually re-arrange themselves into new crystalline structures and they will often migrate from one mineral grain to another, recombining in various ways. For example, iron may migrate from an iron oxide grain to a clay grain, combining with the ions in the clay to form mica. Thus the new minerals may have chemical compositions that are quite different from those of the original minerals. Strange as it may seem, this process can take place without melting or dissolving the original minerals. As you might imagine, metamorphic mineral growth takes a very long time.
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Chapter 8:  Earthquakes and Earth's Interior

Earth’s Interior (p. 238–241):  

A.
Formation of Earth’s Layered Structure
Planet Earth became layered by composition very early in Earth’s history. In explaining why Planet Earth became layered by composition, the book states that “Melting produced liquid blobs of heavy metal that sank toward the center of the planet.” Please write a better explanation, using terminology more accurate than “heavier.”

B.
Earth’s Internal Structure

1.
The Earth is divided into three major layers by chemical composition (See Figure 8.25 on p. 239 for a good diagram of these layers). In order from the outside in, these layers are…

a.
      
: a thin outer layer of rock and soil.

b.
       
: a thick layer of dark dense rock that makes up most of the earth's volume. The rocks that make up the mantle are solid and crystalline except for some relatively small pockets of molten rock (magma) near the top of this layer.

c.
       
: a sphere of metal, probably mostly iron and nickel.

2.
Which of these three layers is the densest? 


  The least dense?      



3.
Lithosphere and Asthenosphere

a.
Lithosphere (the “plates”)

i.
What major compositional layers (or portions thereof) form the lithosphere?


​​​​​​​​​​​​​​​

  and  


.
ii.
How thick, on average, is the lithosphere?  





b.
Asthenosphere (the “plates” move around on the asthenosphere like ships sailing the ocean)

What major layer is the asthenosphere part of?    


c.
In terms of stiffness and strength, how is the lithosphere different from the asthenosphere?

d.
The mantle part of the lithosphere and the asthenosphere are made of the exact same kind of rock (peridotite). So then why is the asthenosphere so much weaker than the lithosphere?

3.
Lower Mantle

a.
The lower mantle is made of the same type of rock as the asthenosphere is. So then why is the lower mantle stronger than the asthenosphere?

b.
Which layer is thicker, the asthenosphere or the lower mantle? (Hint: see Figure 8.25)

4.
Inner and Outer Core: How is outer core different from the inner core?

C.
Probing Earth’s Interior: What kind of data do seismologists use to determine what the Earth's deep interior is like?  Explain.

D.
Making sense of all these layers:  The next page shows a partial view of the Earth cut through the center.  A small box in the upper right hand corner of the diagram shows an enlargement of the outermost layers of the Earth. In order to construct a clear understanding of these layers in your head, color and label the main diagram and the one in the box as follows:

• Color the core yellow
• Color all layers of the mantle red
• Color the crust green
• Label the asthenosphere and the lithosphere

[image: image13.wmf]
Supplemental Readings on Plate Tectonics and Convection

The questions below are based on the first part of the Supplemental Readings on Plate Tectonics and Convection (near the beginning of this course packet)

Thermal Expansion 
A.
As the temperature of water decreases, its volume     increases   /   decreases   .


(Circle the correct answer)

B.
Explain what happens at the molecular level to allow water to contract.

Density: 

A.
What is the density of 1000 g of water at 25°C?* 


  


What is the density of 10 tons of water at 25°C?    




Explain the reasoning behind your answers

B.
Which has the greater density, 1 pound of lead or 100 pounds of feathers? Explain the reasoning behind your answer.

C.
If you take a well-sealed bag of potato chips up into the mountains, it will expand (We'll learn why later this semester; don't worry about it now). In other words, the volume of the air in the bag of potato chips will increase WITHOUT the addition of any air molecules--remember, the bag of potato chips is well-sealed. As a result of the increase in volume (with no increase in mass), the density of the air in the bag of potato chips will





increase   /   decrease    (Circle your answer.).


Explain the reasoning behind your answer.

Changes in Density with Temperature: 

A.
Water: based on the numbers in the “Substance/Density” table…

1.
As the temperature of water increases, its density      increases    /    decreases   .

2.
Fully and clearly explain why this happens.

B.
Ice: based on the numbers in the “Substance/Density” table…

1.
As the temperature of ice increases, its density       increases    /    decreases   .

2.
As a piece of ice that gets so warm that it melts and turns into water, what happens to its density?

3.
What is making it possible for this density change to happen?

Chapter 7:  Plate Tectonics

Plate Tectonics: The New Paradigm (p. 194–195 of the textbook): 

A.
Earth’s Major Plates

1.
How fast, on average, do plates move?    






2.
Plate movement generates which of the following phenomena? (Circle all correct answers.)


Floods   /   Earthquakes   /   Hurricanes   /   Volcanoes   /   Mountains   /   Ocean waves

B.
Plate Boundaries (p. 195)

1.
What kind of data did geoscientists first use to outline the plate boundaries? (Hint: see Figure 8.12 on p. 229)

2.
Name and briefly describe the three types of plate boundaries.
a.


b.


c.


Study Figure 7.10 on p. 196–197. Note the following aspects of this diagram:

(a) Each plate is shown in a different color. The darker shade of each color is dry land--the continents.

(b) This map shows topography as “shaded-relief.” The flat shallow parts of the oceans around the edges of the continents are areas of continental crust that is flooded by sea-water. The steep drop-offs on the edges of these regions are the places where continental crust meets oceanic crust.

(c) The black lines are plate boundaries. 

3.
Where is the eastern margin of the North American plate?

4.
Where is the western margin of the Nazca plate?

5.
Is it possible to have both continental and oceanic crust on the same plate?     




If you answered “no,” explain why not. If you answered “yes,” give three examples.

6.
What kind of plate boundary is located along the west coast of South America? 

7.
What kind of plate boundary is located along the Mid-Atlantic Ridge? 

8.
Can one plate have several types of plate boundaries? 





If you answered “no,” explain why not. If you answered “yes,” give one example.

9.
Can individual plates change size? 





If you answered “no,” explain why not. If you answered “yes,” give three examples.

C.
Divergent Boundaries (be sure to study Figures 7.11, 7.12 and 7.13)

1.
Where are most divergent boundaries located? 

2.
What, exactly, happens at divergent plate boundaries that are located in an ocean?

3.
Another name for this process is 







4.
Can divergent plate boundaries form in the middle of a continent?    



D.
Convergent Boundaries

1.
Basic Characteristics: Most convergent plate boundaries are marked by deep-ocean trenches and subduction zones.

a. What is a deep-ocean trench? (See p. 376 in Chapter 13)

b. Why are deep-ocean trenches located at convergent plate boundaries? (back to p. 200)

c. What is a subduction zone?  

d. What causes subduction?  

e. Will oceanic lithosphere subduct? Why or why not? 

f. Will continental lithosphere subduct? Why or why not? 

2.
Oceanic-Continental Convergence (Study Figure 7.15A on p. 201)

a.
Wherever there is oceanic/continental convergence, there is a chain of volcanoes, called an “arc” (because it is often arc-shaped). On which plate will you find the volcanoes?    



 Oceanic    /    Continental.  

b.
Study Figure 7.10 on p. 196–197. Recall that the black lines are plate boundaries. Note that, at convergent plate boundaries, the teeth “point” in the direction of motion for the subducting plate. For example, the Nazca plate is subducting into the mantle underneath the South American plate.


There are many volcanic mountain chains that have been formed by oceanic/continental convergence. For example, the Andes Mountains of South America are formed by the subduction of the Nazca plate underneath the South American plate.


Name two other places where you would expect to find volcanic mountain chains caused by oceanic/continental convergence (If you are weak on place names, consult any world atlas). For each of these two places, name the overriding plate and the subducting plate. Record your answers in the table below.

	Place Name
	Overriding Plate 
	Subducting Plate

	West Coast of South America
	South American
	Nazca

	
	
	

	
	
	


3.
Oceanic-Oceanic Convergence (Study Figure 7.15B on p. 201)

a.
Wherever there is oceanic/oceanic convergence, there is a chain of volcanic islands (an “island arc”). On which plate will you find the volcanoes?    



 Subducting plate    /    Overriding plate       

b.
Compare Figures 7.10 (p. 196–197) and 7.14 (p. 200). 

i.
Which of these island chains was formed by Oceanic/Oceanic convergence?


Aleutian Islands (southwest of Alaska) / Hawaiian Islands (middle of Pacific Ocean)

ii.
For the island chain that is NOT being formed by Oceanic/Oceanic plate convergence, explain how you know that it is NOT being formed that way.

iii.
For the island chain that IS being formed by Oceanic/Oceanic plate convergence, name the plate that is being subducted.


Name the overriding plate
    

4.
Continental-Continental Convergence (Study Figure 7.15C on p. 201 and Figure 7.16 on p. 202)

a.
Describe the sequence of events that can result in the convergence of two continents.

b.
Study Figure 7.15 on p. 201. Both oceanic-continental and continental-continental convergent plate boundaries have mountains associated with them. How do the mountains associated with the two different kinds of plate boundaries differ from each other? 

E.
Transform Boundaries (Study Figure 7.18 on p. 204 and Figure 7.19 on p. 205)

1.
Is crust created or destroyed at transform boundaries?  Explain.

2.
Name one major transform plate boundary   

Chapter 7 and Supplemental Readings on Plate Tectonics and Convection

The questions below are based on the last part of the Supplemental Readings on Plate Tectonics and Convection (in the course packet) and the section entitled What Drives Plate Motion on pages 211–213 in the textbook.

A.
Why does “young” oceanic lithosphere float on the asthenosphere, forming mid-ocean ridges? In your answer, be sure to discuss the densities of the young oceanic lithosphere and the asthenosphere and the implications of these for the relative buoyancies of the two.

B.
Why does “old” oceanic lithosphere form deep ocean basins and, when given the chance, will easily subduct, sinking down into the asthenosphere?

C.
According to the best current model for mantle convection, are all upwelling mantle convection currents located directly below divergent plate boundaries? Explain.

D.
According to the best current model for mantle convection, are all downwelling mantle convection currents located at convergent plate boundaries? Explain.

Chapter 2: Rocks: Materials of the Lithosphere

Igneous Rocks: “Formed by Fire” (p. 54–62)

A.
Magma

1.
What is magma?  

2.
Where does magma originate?  

3.
What does magma consist of?

a.

b.


4.
Why does magma “work its way (upward) toward the surface?”

5.
What is lava? (The definition is in the glossary at the back of the book)

B.
Volcanic Gases

Supplemental Information: As the book states, “Sometimes lava is emitted as fountains that are produced when escaping gases propel molten rock skyward.” What are these gases and why would they “escape” the lava? When magma is deep underground, its gas component is dissolved. When gas is dissolved in magma (or any other liquid), each individual gas molecule is completely surrounded by molecules of the liquid. The gas molecules occupy the spaces between the molecules of the liquid, so the gas itself takes up almost no space. 


You have experienced this phenomenon all of your life with carbonated drinks. The thing that makes a drink “carbonated” is dissolved carbon dioxide gas. The carbon dioxide gas that is dissolved in beer takes up almost no space as long as the beer is sealed in a bottle or can; when you look at a sealed bottle of beer, you don't see bubbles of gas because the gas is still dissolved in the beer. 


However, once gas is no longer dissolved in a liquid, individual molecules of the gas gather together to form bubbles. These bubbles of gas take up a lot more space than the same gas took up when it was dissolved in the liquid. These gas bubbles rise rapidly through the liquid and into the air above the liquid.


Now, what would make a gas “escape” from the liquid it was dissolved in? You know that the gas in beer will stay dissolved in the beer as long as the beer bottle is sealed. But when you open a beer, a foam of bubbles forms almost instantly and new bubbles keep rising as you drink the beer. Why did the gas suddenly “escape” from the beer? Well, the pressure inside a sealed beer bottle is higher than the pressure outside of the sealed beer bottle. As soon as you open the seal, the pressure inside the bottle decreases very quickly--that is why the bubbles form. Gas can stay dissolved in a liquid as long as the liquid stays under high pressure. When that pressure is released, the gas cannot remain dissolved in the liquid and it has no choice but to “escape” from the liquid, and form bubbles.


Now that you thoroughly understand beer, you may be wondering how all of this information relates to magma. You know that when you swim to the bottom of a pool or go scuba diving in the ocean, you feel more pressure (usually in your ears) on you as you go down. The same is true in rock (only even more so because rock is denser than water). So, as long as magma is deep within the earth, it is under great pressure and the gas it contains remains dissolved. However, when that magma rises up toward the surface, the pressure on it decreases. The gas can no longer remain dissolved in the magma so it forms bubbles that rise rapidly through the magma and, if there is an opening, into the air above.


If these bubbles form and rise VERY rapidly, they may shoot up out of the volcano, taking a great deal of magma with them. Voila! A spectacular fountain-type of volcanic eruption (See, for example, page 247, Fig. 9.5 on p. 252, and Fig. 9.14 on p. 258.).

Thought Questions:

a.
As the pressure decreases and bubbles of gas form in magma (or beer), why do the bubbles rise up? Why don't the bubbles just stay where they are?

b.
Sometimes when lava erupts out of a volcano, it forms a beautiful fountain of red-hot liquid lava. The lava falls to the ground and forms lava rivers flowing away from the fountain. This is what often happens on Kilauea on the Big Island of Hawaii (you saw—or will see—a videotape of such a fountain in lab). What causes a lava fountain to form?

c.
Sometimes, volcanoes explode catastrophically, spraying lava far up into the atmosphere. The droplets of lava solidify instantly, forming a gray cloud of volcanic ash. This is what happened on Mt. St. Helens in 1980 and on Mt. Pinatubo in 1991. 

What could cause such an eruption?

C.
The two main categories of igneous rock (back to page 54 of your textbook)

1.
Volcanic (Extrusive): 

2.
Plutonic (Intrusive): 
D.
Magma Crystallizes to Form Igneous Rocks

1.
How do the ions that make up the liquid portion of a magma body behave?

2.
What happens to these ions during the process of crystallization?

3.
When a magma cools very slowly, the crystals formed are      large   /   small    (circle the correct answer).  Explain why.

4.
When a magma cools quickly, the crystals formed are      large   /   small    (circle the correct answer).  Explain why.

5.
What happens when magma is quenched almost instantly?

6.
Thought question: How is the internal structure of very tiny crystals different from the internal structure of glass?

E.
Classifying Igneous Rocks

1.
Igneous Textures: How is the term texture used, when applied to an igneous rock?

2.
Igneous rocks that form when magma crystallizes at or near the Earth's surface
a.
Describe the texture of these rocks (See Fig. 3.5A on p. 56 and Fig. 3.11 on p. 59). 

b.
Why do these rocks have this texture?

c.
Volcanic rocks often have rounded holes in them (See Figure 3.6 on p. 56).  Explain how these holes form.

3.
Igneous rocks that form when magma crystallizes far below the Earth's surface
a.
Describe the texture of these rocks (See Fig. 3.5B on p. 56 and Fig. 3.11 on p. 59). 

b.
Why do these rocks have this texture?

c.
How long does it take to crystallize a large mass of magma located at depth?

4.
Igneous rocks that form when magma begins to crystallize far below the Earth's surface but then suddenly erupts out of a volcano
a.
Describe the texture of these rocks (see Figure 3.5D on p. 56) 

b.
What is the name for this type of texture?       



 

c.
Why do these rocks have this texture?

5.
Igneous rocks that form when magma is ejected into the atmosphere and quenched quickly
a.
Describe the texture of these rocks (see Figure 3.7 on p. 57). 

b.
Why do these rocks have this texture?

c.
The special case of pumice (see Figure 3.8 on p. 57):  

i.
Describe the texture of pumice. 

ii.
Why does pumice have this texture?

iii.
How is the texture of pumice similar to and different from the texture of obsidian?

Chapter 9: Volcanoes and Other Igneous Activity

Origin of Magma (p. 269–271)

A.
Generating Magma from Solid Rock

1.
Introduction

a.
“The crust and mantle are composed primarily (i.e. 99.9%) of” 

 solid rock  /  magma (melted rock)


b.
Much of the earth's core is fluid.  Is this where magma comes from? Why or why not?

c. Where does magma originate from?  

2.
Role of Heat:  

a.
You can melt a rock by       increasing     /    decreasing    (circle the correct answer)  the temperature of the rock.
b.
Name one source of heat to melt crustal rocks     





c.
Does the addition of heat cause much magma generation in Earth’s mantle?       


3.
Role of Pressure:  

a.
You can melt a rock (if it’s already pretty hot) by     increasing     /    decreasing    (circle the correct answer) the confining pressure on the rock.

b.
As confining pressure increases, melting temperature      increases       /    decreases    .  

Here is a VERY important additional piece of information: When a rock melts, it expands--even if the temperature does not increase. In other words, when a rock melts, the magma generated takes up more space than the unmelted rock did.

c.
Thought Question: Using this information, think of a logical explanation for why “an increase in the confining pressure increases a rock's melting temperature.” (p. 270)

d.
The pressure on rock    increases     /     decreases     (circle the correct answer) whenever the rock ascends to higher levels.  Explain why.

e.
A hot rock that maintains the same temperature will tend to melt as it   descends  /


    ascends   (circle the correct answer)   through the crust.  Explain.

4.
Role of Volatiles:
  You can melt a rock (if it’s already pretty hot) by   


  increasing     /    decreasing    (circle the correct answer)  the water content of the rock.

5.
Summary:  List the three sets of conditions that can cause rocks to melt.

a.

b.


c.


Plate Tectonics and Igneous Activity (p. 271–277)

A.
Igneous Activity at Convergent Plate Boundaries (In addition to reading this section, carefully study Figure 9.32 on p. 270 and Figures 9.34A and 9.34E on p. 274)

1.
Which of the three causes of melting is active at subduction zones?

2.
Describe exactly how and where magma is generated at subduction zones.

Additional Information: You may be wondering how water gets into oceanic crust in the first place. Imagine the rocky ocean floor sitting there under thousands of feet of water; it is made of basalt. Even the tiniest cracks in this basalt will let water seep through. As the water seeps through the basalt, the water will “react” with the rock. In other words, some of the water molecules will incorporate themselves into the crystal structure of certain mineral grains in the basalt, forming a different type of mineral (for example, water is added to olivine to form serpentine--we will study these minerals soon). 



Now, imagine this “wet” altered basalt being subducted (See Fig. 9.32 on p. 270).  As it goes deeper and deeper, into the asthenosphere, it gets hotter and hotter, and the pressure on it becomes greater and greater (Why? Simply because pressures and tempera​tures increase with depth), causing the basalt to undergo metamorphism. The water-rich minerals in the basalt are no longer stable. They recrystallize to form new minerals that are stable (this is one of the processes of metamorphism), releasing the water. 

3.
Thought Question: Why does the water “migrate upward into the wedge-shaped piece of mantle located between the subducting slab and overriding plate?” Why doesn’t it migrate downward or sideways? 

B.
Igneous Activity at Divergent Plate Boundaries (p. 276) (In addition to reading this section, carefully study Figure 9.31 on p. 270 and Figures 9.34B and 9.34F on p. 275)

1.
Which of the three causes of melting is active at divergent plate boundaries?

2.
Describe exactly how and where magma is generated at seafloor spreading ridges.

3.
What is the cause of mantle melting at continental rift zones like the East African Rift?

C.
Intraplate Igneous Activity (p. 276–277) (In addition to reading this section, carefully study Figure 9.34C on p. 274, Figure 9.34D on p. 275, and Figure 9.36 on p. 276)

1.
At centers of intraplate volcanism (such as Yellowstone National Park or Mt. Kilauea in Hawaii), the mantle is different from intraplate locations where there are no volcanoes (such as Kansas or Florida). What is different and how does it cause volcanism?

2.
What is a hot spot?

3.
Which of the three causes of melting is active at hot spots?     

D.
Summary (See Figure 9.34 on p. 274–275): List the three major  “zones of volcanism,” i.e. list the three tectonic settings in which the Earth’s mantle melts to form magma.

1.







2.








3.







E.
Melting of Continental Crust—can occur in ANY of the above three tectonic settings (See the “Role of Heat” paragraph on pages 269–270, Figures 9.34 D, E and F on pages 274–275)

What could cause melting of continental crust? In other words, which of the three causes of melting is involved and how, specifically, does this cause of melting operate in continental crust?

Chapter 7: Plate Tectonics

Hot Spots (p. 206–207)

A.
What is the observed trend in the ages of volcanoes in the Hawaiian Islands, one famous hot spot? (Be sure to study Figure 7.21 on p. 207)

B.
Mantle rocks below Hawaii are melting. What is happening there to cause this melting?

C.
Explain the plate tectonic cause of the observed trend in ages of the volcanoes on the Hawaiian Islands (in other words explain the cause of the trend you described in question A above)--in addition to reading the text, take a close look at Figure 7.21 on p. 207.

Chapter 2: Minerals: Building Blocks of Rocks

Minerals: the Building Blocks of Rocks (p. 30–32); See also the section entitled “The Geological Definition of the Term Mineral” on p. B–3 of the course packet.

A.
Minerals
1.
Is a man-made diamond considered a mineral?  Why or why not?

2.
Is sugar considered a mineral?  Why or why not?

3.
Is table salt considered a mineral?  Explain.

4.
Can one sample of a mineral have a single chain structure and another sample of the same mineral have a double chain structure (See Figure 2.21 on p. 42)?  Explain.

B.
Rocks
1.
What is the geological definition of a rock?

2.
Can a rock be made just of one mineral?      


3.
“Most rocks occur as…”   
.
4.
Can rocks be made of nonmineral matter? If not, explain why not. If so, list three examples.

Elements: Building Blocks of Minerals (p.32–33)

A.
Minerals are made of elements. Are minerals made of just one element or many elements? Explain.

B.
What is the smallest part of matter that retains the essential characteristics of an element? 

Chapter 4: Weathering, Soil and Mass Wasting

Chemical Weathering (p. 88–90)

A.
 What is chemical weathering?

B.
 If a mineral is stable in the Earth's surface environment, will it chemically weather?  Explain.

C.
 Water and Carbonic Acid
1.
What is the most important agent of chemical weathering?       



2.
If a rock containing iron-rich minerals comes in contact with water full of dissolved oxygen, what will happen to the rock?

3.
The action of carbon dioxide (CO2) dissolved in water (H2O):

a.
What do you get when you dissolve carbon dioxide in water?

b.
How, in nature, does carbon dioxide get dissolved in water?

D.
 How Granite Weathers
1.
If feldspar comes in contact with carbonic acid, it chemically weathers.  What are the most abundant products of the chemical breakdown of feldspar?

2.
What other two products are produced during this process of chemical weathering?

a.


b.


3.
When granite decomposes, what happens to the quartz that was in it?

E.
Weathering of Silicate Minerals 


When rocks chemically weather, their minerals are transformed into new substances. The “Mineral” column of Table 4.1 on page 89 lists several minerals common in igneous rocks. These are original unweathered minerals that, as a result of chemical weathering, are transformed into “Residual Products” and “Material in solution” (listed in the middle and right-hand columns of this table). Note that, when you get right down to it, no matter what mineral(s) you start out with, there are really only four basic products of chemical weathering. 


What are the four basic products of chemical weathering? (Hint: the first one is listed for you)

1.
Various chemicals in solution (i.e. dissolved in water), including silica, K+, Na+, Ca2+, Mg2+
2.


3.


4.


Supplementary Readings on Minerals—in this course packet

Minerals Formed by Chemical Precipitation
A.
Water in lakes, rivers and the ocean always contains dissolved chemicals. Where did those chemicals come from in the first place?

B.
Name and describe the three processes that can cause chemicals to precipitate out of a solution:

1.
 
2.
 
3.


Minerals Formed During Metamorphism
A.
When a rock undergoes metamorphism, why do the types of minerals in the rock often change?

B.
When new minerals form in a metamorphic rock, the old minerals must first dissolve or melt.


The preceding statement is      True   /   False    (circle the correct answer)


Chapter 3: Rocks: Materials of the Solid Earth

Sedimentary Rocks: Compacted and Cemented Sediment (p. 62–70)

A.
 Introduction

1.
What is the derivation of the word sedimentary?

2.
 Give four examples of sediment
a.


b.


c.


d.


3.
 The book states that “sedimentary rocks account for only about 5 percent (by volume) of the earth's outer 16 kilometers (10 miles). However…about 75 percent of all rock outcrops on the continents are sedimentary.” Explain how this could be true.

B.
Classifying Sedimentary Rocks

1.
Describe the two principal sources for materials accumulating as sediment.

a.
Detrital Sediment:  

b.
Chemical Sediment:  

2.
Detrital Sedimentary Rocks (p. 64–65)

a.
What are the two most abundant minerals in detrital sedimentary rock?

Mineral #1: 


Mineral #2:  


b.
Why are these two minerals so abundant in detrital sedimentary rocks?

Mineral #1:  
Mineral #2: 
c.
When we name detrital sedimentary rocks, what characteristic of the rock do we base the name on? (Be sure to study Figure 3.16 on p. 64)

d.
Particle size and environment of deposition

i.
The stronger the current (in air or water), the    smaller   /     larger   (circle the correct answer) the particle size carried by the current.

ii.
In what kinds of environments are you likely to find gravels?

ii.
In what kinds of environments are you likely to find sand?

iii.
In what kinds of environments are you likely to find silts and clays?

3.
Chemical Sedimentary Rocks (p. 65–67)

a.
How is chemical sediment different from detrital sediment?

b.
Example of deposition of chemical sediment by physical processes:

c.
Example of deposition of chemical sediment through the life processes of organisms: 

d.
Limestone

i.
What mineral is limestone composed of?   
ii.
Do most limestones form by direct precipitation from water or do most limestones form by biochemical processes? Explain. 

e.
Rock salt

i.
What mineral is rock salt composed of?  
ii.
How does rock salt form?  

f.
What is the primary basis for distinguishing among different chemical sedimentary rocks? (Hint: See Figure 3.16 on p. 64.)

C.
Lithification of Sediment (p. 67–69)

1.
What is lithification?

2.
Two major processes that cause lithification:

a.
Compaction

i.
What causes sediments to be compacted?

ii.
As sediments are compacted, what happens to the volume of the sediments?

iii.
What is happening inside the rock as this volume change occurs?

iv.
For what type of sedimentary rock is compaction the most important process of lithification? 

b.
Cementation

i.
How, in nature, is cementation accomplished?

ii.
What are the most common natural cements?

D.
Features of Sedimentary Rocks (p. 69–70)
1.
Why are sedimentary rocks particularly important in the interpretation of earth history?

2.
What is the “single most characteristic feature of sedimentary rocks” as seen in outcrop*, especially if the outcrop is large?  (For illustrations of this “single most characteristic feature,” see p. 308–309 and Figure 11.3 on p. 313)

3.
Describe two ways that fossils can be used to help us interpret earth's history from sedimentary rocks:

a.

b.


Chapter 3: Rocks: Materials of the Solid Earth

Metamorphic Rocks: New Rocks from Old (p. 70–75)

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.
What Drives Metamorphism? (p. 72–73)

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.
Confining Pressure and Differential Stress as Metamorphic Agents

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 two things does high confining pressure do to a rock? 

i. 
ii.

b.
Differential Stress: 

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. 73–74) 
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 3.29 on p. 73.)

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.

[image: image14.wmf]
Chapter 5: Running Water and Groundwater

Earth as a System: The Hydrologic Cycle (p. 117–118)

A.
Where is most water on earth found?  

B.
What energy source powers the hydrologic cycle?  
C.
Describe the hydrologic cycle (see Figure 5.3on p. 117). Be sure to include what happens when precipitation falls on land.

D.
Earth's water balance: For the questions below, write in the appropriate mathematical symbol* in the blank provided

1.
For the whole earth, 
precipitation

evaporation.

2.
On the continents
precipitation

evaporation.

3.
Over the oceans
precipitation

evaporation.

E.
Very little water is added to or taken away from Earth; the same water keeps circulating through the hydrologic cycle.  Thus there must be an overall balance in evaporation and precipitation.  


If precipitation and evaporation were the only two processes in the hydrologic cycle, the oceans would eventually run out of water and the land would be completely covered with water. 

Describe an additional process which makes it possible for the hydrologic system to achieve balance.

F.
How does the hydrologic cycle relate to the erosion and sculpting of the land surface?

Running Water (p. 118–119)

A.
Where does the water in streams and rivers come from?

B.
Streamflow: What force causes water to flow to the sea?   

Thought Questions: The book does not directly address the questions below. Use what you have learned in this class to answer them.
A.
List two ways in which the hydrologic cycle and the sedimentary part of the rock cycle are related.

B.
The hydrologic cycle as described in the book and shown in Figure 5.3 (p. 117) is quite complete for short-term circulation of water (thousands of years or less). But there is also a long-term water circulation pattern that is left out of this depiction of the hydrologic cycle. When you studied igneous rocks, you learned that, in one major tectonic setting, water is very important to the igneous part of the rock cycle. Draw a diagram that shows how water goes deep into the earth and back out again over millions of years, playing a role in the igneous part of the rock cycle.

Chapter 4: Weathering, Soil and Mass Wasting

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

Mass wasting is the down slope movement of rock, regolith and soil. Mass wasting is caused by gravity. Rock, regolith and soil will move down slope 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 4.28C on p. 106 and Figure 4.24 on p. 104)

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)—p. 262


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 9.18 on p. 261 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 9.20 on p. 262 for a photograph of a lahar that occurred shortly after the eruption of Mt. St. Helens.

1.
Describe how a lahar forms (see p. 262). 

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 9.20 on p. 262, 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 5: Running Water and Groundwater

Stream Channels (p. 124–126)

A.
Big Chico Creek Canyon in Upper Bidwell Park is a(n)  bedrock channel  /  alluvial channel .


(Circle the correct answer. Hint: if you aren’t sure, look at it on Google Earth.)

B.
The Sacramento River west of Chico is a(n)  bedrock channel  /  alluvial channel .


(Circle the correct answer. Hint: if you aren’t sure, look at it on Google Earth.)

C.
Meandering Streams (See Fig. 5.12 on p. 125 for a photo of a typical meandering stream)

1.
Where is the current moving fastest, on the outside of the meander bend or on the inside of the meander bend?


.

2.
Erosion occurs on the   outside  /  inside  of the meander bend (circle the correct answer).  

3.
Thought Question:  Clearly and fully explain your reasoning behind your answer to question 2. In order to write a complete answer, you will have to incorporate a concept that you learned in lab.

4.
Sediment deposition occurs on the   outside  /  inside  of the meander bend (circle the correct answer).  

5.
Thought Question:  Clearly and fully explain your reasoning behind your answer to question 4. In order to write a complete answer, you will have to incorporate a concept that you learned in lab.

D.
Valley Widening (Page 128)

a.
What is a flood plain and how does it form? 

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

Groundwater: Water Beneath the Surface (p. 134–136)

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. 136–137)

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.
Factors Influencing the Storage and Movement of Groundwater: Porosity and Permeability

1.
What is porosity?  

2.
What is permeability?  

3.
What two requirements must be met for a rock to be considered permeable?

a.

b.

4.
Can a rock or sediment have a high porosity but a low permeability?  Explain.

Springs (p. 138–139)

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?

Introduction to the Geology of Bidwell Park (in this course packet)

Chico Formation
A.
How old is the Chico Formation?  
B.
What kinds of sedimentary rocks are found in the Chico Formation?

C.
Describe the environment of deposition for the Chico Formation.

D. List three kinds of evidence contained within the rocks of the Chico Formation that allow geologists to interpret its environment of deposition?


1. 

2. 

3. 
E. The sediments of the Chico Formation were deposited on what kind of rocks?


   igneous         sedimentary         metamorphic      (Circle the correct answer)

Lovejoy Basalt

A.
Describe what the Lovejoy Basalt looks like.  
B.
Explain how the Lovejoy Basalt formed.

C.
Describe the columnar jointing in the Lovejoy Basalt.
D.
Explain how columnar jointing forms.

E.
How old is the Lovejoy Basalt?    

Tuscan Formation

A.
The Tuscan Formation is made up of layers. What are these layers?
B.
Describe the details of what these layers of rock look like.

C.
Describe how these layers formed.

D.
Where did the rocks in these layers come from?

E.
Originally, these layers were horizontal. Describe their current orientation and how they got that way. Hint: Study Figure 6.

F.
Explain the origin of the rock-covered fields south and east of Chico. Hint: Study Figure 10.
G.
Where does Chico get its domestic water supply? Hint: Study Figure 11.

Valley Sediments

A.
Why is Chico so flat?
B.
Chico is built on an alluvial fan. How does an alluvial fan form?
C.
Chico is built on an alluvial fan. How does an alluvial fan form?
D.
What would Chico look like if the ice caps of Greenland and Antarctica melted completely?
Introduction
One of the four themes for this course is “Density, Buoyancy, and Convection.” These three important concepts help explain why the crust floats on the mantle, the tectonic plates move about, magma--which forms at great depths-- rises to the surface, the ocean has currents, the wind blows, and clouds form. The knowledge you gain in today's lab will serve as a foundation for much of the rest of the course.

Objectives
When you have completed this lab, you should be able to…

1. describe how the density of a substance affects its buoyancy.

2. describe how the temperature of a substance affects its volume.

3. describe how the mass and volume of a substance determine its density. 
4. explain how, why and under what conditions convection occurs.

5. discuss how convection serves as an effective mechanism for transporting heat energy.

Activity #1: Observing Convection

	Materials:  Glitter lamp

Activity: Turn on the glitter lamp. It is powered by a small light bulb in the base of the lamp. Note that the glitter pieces do not move independently of the fluid. Rather, they float passively in the liquid; their motion reveals the motion of the liquid. 

Observation Question 
1-1.
Write a written description of the currents of motion you see in the lamp (the pattern of fluid motion formed by these currents is called convection). Also draw the currents on the adjacent diagram.
Source of diagram: http://www.lavalamp.com/
	[image: image15.jpg]





You have just observed the phenomenon of convection. The rest of this lab will consist of a series of activities that will help you construct an understanding of how and why convection occurs. The concepts you encounter in the various activities will build on each other to form a coherent package. 

Activity #2:  Comparison of Motor Oil and Corn Syrup

Materials:
1 clear plastic bottle containing corn syrup (light colored) and SAE 50 Motor Oil (dark), turned upside down. 

Activity:
Turn over the bottle so that it is right side up. Observe what happens. When the fluids have stopped moving, turn over the bottle again so that it is upside down. Observe what happens this time. Repeat as often as needed.

Observation Question
2-1. Complete the three diagrams below, showing the two fluids in the bottle at the times given.
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a.
Before you turn over
b.
A few seconds after you
c.
After the two fluids



the bottle

turn the bottle right side up

have stopped moving

Thought/Interpretation Questions 

2-2.
Which fluid is more buoyant, motor oil or corn syrup?  How do you know?

2-3.
Motor oil and corn syrup have different physical properties such as viscosity, strength, density, and volume. Which of these properties determines the buoyancy of the fluid?  Explain.

2-4.
Combining your answers to questions 3 and 4, explain which of the two fluids is more buoyant and why.

2-5.
If we took this bottle of corn syrup and motor oil up in space where there is essentially no gravity, how would the results be different? Why?

Activity #3: Volume Change Caused by Temperature Change*
Materials:
small clear glass bottle filled with green-colored water, capped with a rubber stopper 



that has a glass eye dropper inserted into the hole**

overhead transparency pen (water-soluble)


2 large (1000 ml) glass beakers


hot plate


crushed ice (from central location in room)

Activity


A.
On the eye dropper, use the pen to mark the level of the green water.


B.
Pour about 400 ml of hot tap water into one of the beakers; place it on the hot plate and turn the hot plate on “high.” 


C.
Put about 400 ml of crushed ice into a second beaker. Add enough water to just cover the ice.


D.
Place the bottle of green water in the beaker of ice water. Watch the level of the green water in the eye dropper. When the green water has settled to a constant level, mark that level with the overhead transparency pen.


E.
Turn off the hot plate. Place the bottle of green water into the hot water. Watch the level of the green water in the eye dropper. When the green water has settled to a constant level, mark that level with the overhead transparency pen.

Observation Questions

3-1.
Complete the diagrams below, showing the various levels of the green water. The levels do not have to be perfectly accurate; they just have to convey the general idea.
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Room Temperature
Ice Cold
Boiling Hot


3-2.
Describe any changes in the volume of the green water as you conducted this experiment. 

3-3.
Was any green water added or taken away as you conducted the experiment? 

Thought/Interpretation Questions


3-4.
Do you suppose the mass of the green water changed over the course of the experiment? If so, explain how and why. If not, explain why not.


3-5.
Did the density of the green water change over the course of the experiment? If so, explain how and why. If not, explain why not. 

3-6.
Complete the sentence below by circling the appropriate words.



Any substance will     expand   /    contract    when it is heated and     expand   /    contract   when it is cooled (circle the correct answers).



You have just formulated a general scientific law!


3-7.
(Extra question--answer if you have extra time) Design a thermometer, using what you learned from this activity.

Activity #4:  Sinking and Floating Water

Materials:
hot plate


2 1000 ml pyrex beakers


piece of white paper


large paper clip (used to hold the pill bottle down on the bottom of the beaker)


2 clear cylindrical “pill bottles,“ each with two holes in the cap


red and blue food coloring in plastic squeeze bottles, diluted to half strength


stirring stick


crushed ice (from the styrofoam cooler near the sink, front left corner of the room)


red and blue colored pencils

First Part of Activity
A.
Using the hot plate and one of the beakers, heat a small amount of water to boiling. Turn off the hot plate (the next activity requires an initially cool hot plate).

B.
Fill the large beaker (to about 900 ml) with cold tap water and place it on the white paper. Let it rest undisturbed for a few minutes.

C.
Place the paper clip in one of the pill bottles. Add about 10 drops of red food coloring. Then fill the pill bottle to the brim with boiling hot water. Place a cap on the pill bottle.

D.
Holding the hot pill bottle upright by its cap (to avoid burning your fingers), gently place it in the beaker of water. Hold on to the pill bottle until it is completely submerged. Then let go and let it sink to the bottom. Using the stirring stick, gently tip the pill bottle on its side. 

Observation Question
4-1.
Observe the movement of the red (hot) water (Note: the red food coloring is simply a tracer to show the motion of the hot water--it does not move independently; it stays with the hot water). Record your observations by completing the two drawings below. Use a red colored pencil to show the red (hot) water.
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A few seconds after placing the
Several minutes after placing the



pill bottle in the beaker (while the
pill bottle in the beaker (after the



water is still flowing rapidly)
water has mostly stopped flowing)

Thought/Interpretation Questions 

4-2.
Using the knowledge that you gained from Activities #2 and #3, explain why the red (hot) water behaved the way it did. 
4-3.
What do you think would happen if you placed a pill bottle full of ice cold water into the beaker?

Second Part of the Activity
E.
Completely fill the second pill bottle with crushed ice. Add a little cold water and about 10 drops of blue food coloring. Place a cap on the pill bottle.

F.
Gently place the blue (cold) pill bottle sideways in the beaker; it should float.

Observation Question
4-4.
Observe the movement of the blue (cold) water. Record your observations by completing the two drawings below. Use colored pencils to show the red (hot) and blue (cold) water.
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A few seconds after placing the blue
Several minutes after placing the blue



pill bottle in the beaker (while the
pill bottle in the beaker (after the



water is still flowing rapidly)
water has been flowing for awhile)

Thought/Interpretation Questions  

4-5.
Explain why the blue (cold) water behaved the way it did. 
4-6. Which is more buoyant, hot water or cold water?  How do you know?

4-7.
A change in temperature must cause some other properties of the water to change, causing the difference in buoyancy that you observed. Complete the two sentences below by filling in the blanks and circling the appropriate options.

a.
When the temperature of water increases, its volume   decreases  /   increases,  causing its


 
 to  decrease / increase,  which causes its buoyancy to  decrease / increase.

b.
When the temperature of water decreases, its volume   decreases  /  increases,  causing its 
 to  decrease / increase,  which causes its buoyancy to  decrease / increase.

4-8.
Does the buoyancy of water go up or down when it freezes? How do you know?

4-9.
How is the freezing of a substance different from a simple change in temperature? (i.e. what extra phenomenon occurs?)

Activity #5:  How Does a Galileo Thermometer Work?

Materials:
Galileo thermometer
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	How to Read a
Galileo Thermometer

1) Locate the lowest floating temperature sphere.

2) Read the medallion attached to that sphere.


[image: image27]
Here the temperature reading is 72° F
	http://www.4physics.com/phy_demo/Galileo_thermometer/galileo-thermometer-b.htm


Activity: 
Place the thermometer in warm (not hot!) water. Watch what happens. Then place it in cool (not ice cold) water. Watch what happens.

Observation Questions: 
5-1.
Describe what happens when the thermometer warms up.

5-2.
Describe what happens when the thermometer cools down.

Thought Question: 

5-3.
Write a logical explanation of the behavior of the Galileo thermometer, based on the concepts you have learned so far in this lab. 


Hint: Glass does NOT significantly expand or contract as it changes temperature.

Activity #6:  Comparison of Two Ways to Heat a Fluid

(Heating from Above vs. Heating From Below)

Materials:
2 large (1000 ml) Pyrex beakers


thermometer


red and blue food coloring in plastic squeeze bottles (diluted to about half strength)


2 eye droppers


electric immersion heater


hot plate that has cooled to room temperature


matches


insulated gloves

1st Part of the Activity (Beaker #1):

A.
Fill one 1000 ml beaker with cold tap water.  

B.
Place the beaker of water on the cool hot plate. DO NOT TURN ON THE HOT PLATE (yet).

C.
Carefully place a dropper full of blue food coloring in the bottom of the beaker, disturbing the water as little as possible. The food coloring should form a dark pool at the bottom of the beaker; there should be no food coloring in the rest of the water. 

Suggested procedure:  

· Unscrew the cap on the bottle of food coloring.

· Squeeze the bulb on the end of the eye dropper. Place the eye dropper in the bottle of food coloring and let go of the bulb; the eye dropper will fill with food coloring.

· Very gently and slowly (so as not to disturb the water) lower the eye dropper into the beaker. When the tip of the eye dropper is in the desired location, gradually squeeze the bulb to release the food coloring.  Do not release the bulb.

· Slowly lift the eye dropper out of the water, holding the bulb in a squeezed position until the eye dropper is out of the water.

D.
Make sure everyone at your lab station is watching and turn on the hot plate at a low setting. Watch carefully for a minute or so. Things happen fast; don’t miss them! Record your observations under question #6-1 below.

E.
After 2–3 minutes of heating, gently and slowly place a dropper full of red food coloring in the water near the top of the beaker. Watch what happens to the red food coloring in the beaker. Record your observations under question #6-2 below.

F.
Turn off the hot plate.

2nd Part of the Activity (Beaker #2):

G.
Fill a 1000 ml beaker with cold tap water and set it down on the lab table.

H.
Complete Step C above as you did for Beaker #1.

Caution:
DO NOT plug in the immersion heater until you have placed it in water. DO NOT remove the immersion heater from the water until you have unplugged it. If the heater is left plugged in without being immersed in water, it will heat to red hot, blow a fuse and cease to function.
I.
Immerse the metal part of the immersion heater (NOT the plastic handle or the cord) into the water. To keep the immersion heater in place, hold onto the plastic handle of the heater or drape the heater cord over the ring stand. Once the heater is immersed in the water, plug it in. Keep the heater immersed in the water as long as it is plugged in!  
J.
As the water gradually heats, carefully watch what happens to the blue-colored water. Record your observations under question #6-1 below.

K.
After 2–3 minutes of heating, gently and slowly place a dropper full of red food coloring in the water near the top of the beaker as close to the heater as possible. Watch what happens to the red-colored water. Record your observations under question #6-2 below.

L.
Unplug the immersion heater before removing the heater from the water. 

Observation Questions

6-1.
Complete the diagrams below, showing the motion of the blue-colored water shortly after heating began. In the spaces below the diagrams, describe the motion of the blue water.
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	a. Beaker #1 (Heating from Below)
	b.
Beaker #2 (Heating from Above)


6-2.
Complete the diagrams below, showing the motion of the red-colored water after it was added. In the spaces below the diagrams, describe the motion of the red water.  
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	a. Beaker #1 (Heating from Below)
	b.
Beaker #2 (Heating from Above)


3rd Part of the Activity (Temperature Measurements):

M.
 Discard the water in the two beakers and repeat the two experiments. But this time, also take detailed temperature measurements as follows:

· Measure the temperature of the water near the top and bottom of each beaker before it makes contact with any heating device.

· After you begin heating the water, measure the temperature of the water near the top and bottom of the beaker every 60 seconds for six minutes.

· 
Important! To get a more “hands-on” experience of the temperature changes, occasionally feel the temperature of the top and bottom of the beaker with your hands (Be careful! Don't burn yourself).

· Record your data in the appropriate tables under question #6-3.

· Graph your data in the appropriate grids under question #6-4.

N.
 After completing your measurements on Beaker #2, leave it undisturbed. See how long it takes for the (now striped) water to mix.

Observation Questions

6-3.
Tables Recording the Changes in Temperature Over Time for the Two Beakers

	Beaker #1 (Heated from Below)
	
	Beaker #2 (Heated from Above)

	Time Since Heating Began 
	Temperature near the top of the Beaker
	Temperature near the bottom of the Beaker
	
	Time Since Heating Began  
	Temperature near the top of the Beaker
	Temperature near the bottom of the Beaker

	0
	
	
	
	0
	
	

	1 min
	
	
	
	1 min
	
	

	2 min
	
	
	
	2 min
	
	

	3 min
	
	
	
	3 min
	
	

	4 min
	
	
	
	4 min
	
	

	5 min
	
	
	
	5 min
	
	

	6 min
	
	
	
	6 min
	
	


6-4.
Graphs Recording the Changes in Temperature Over Time for the Two Beakers
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Thought/Interpretation Questions 
	Beaker #1: 

6-5.
Did convection occur in Beaker #1? If so, did it involve all of the water in the beaker or just some of the water in the beaker? How do you know? Illustrate your answer by adding to the adjacent diagram.
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6-6.
Using the concepts you learned from Activities #2, #3 and/or #4, explain why convection did or did not occur in any part of beaker #1.

	Beaker #2

6-7.
Did convection occur in beaker #2? If so, did it involve all of the water in the beaker or just some of the water in the beaker? How do you know? Illustrate your answer by adding to the adjacent diagram.
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6-8.
Using the concepts you learned from Activities #2, #3 and/or #4, explain why convection did or did not occur in any part of beaker #2.

Activity #7:  Cooling a Fluid from Above

Materials:
1 large (1000 ml) pyrex beaker


red and blue food coloring in plastic squeeze bottles (diluted to about half strength)


2 eye droppers


Ice

Activity


A.
Fill the beaker full of tap water. Let it stand for awhile to allow the water to settle down.


 B.
Carefully place a dropper full of red food coloring in the bottom of the beaker, disturbing the water as little as possible. Use the procedure described above in Activity #5, Step B.

C.
Gently place pieces of ice into the water. Drop a few drops of blue food coloring on the ice.


D.
Watch what happens.

Observation Question
	7-1.
Describe what happens. Illustrate your description by adding to the adjacent drawing of a beaker.
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Thought/Interpretation Question
7-2.
Did convection occur in the beaker? How do you know? 

7-3.
If convection occurred, why did it occur? If convection did not occur, why not?

7-4.
Does convection require a heat source? If so, why? If not, then what IS the key requirement for convection to occur in a fluid?

Application Question

7-5. 
The diagram below shows the typical placement of the central heating and air conditioning units for a house. In terms of energy efficiency, is this a good arrangement? Why or why not? If not, how would you change the arrangement?

[image: image37.jpg]




Source: http://www.esiheating.com/products_hc_ac.php
[image: image38.wmf]
Objectives
When you have completed this lab you should be able to: 

1.
explain why magma rises through the lithosphere, often making it to the surface and out of a volcano.

2.
describe the process of crystallization and how the rate of cooling of a melt affects the sizes of the crystals formed.

Activity #1:  Why Does Magma Rise?

Materials:
covered test tube of salol (phenyl salicylate)
insulated gloves


thermometer
test tube rack


hot plate
empty test tube


large glass beaker with hot tap water in it
crushed ice

Activity
1.
Melt most of the salol: Measure the temperature of the hot tap water. If it is below 110°, heat it awhile on the hot plate. Hold the test tube of salol in the hot water, swirling it around gently. Periodically remove it from the hot water and continue to swirl it and see if the salol has melted. This process is analogous to the melting of rock deep within the crust or mantle. Continue this process a little more than half of the crystals have melted and the remaining crystals can move freely within the melt. 

2.
Place the test tube of salol in an upright position in the metal test tube rack.

3.
Fill the unsealed empty test tube about 1/3 full of tap water. Place a few pieces of crushed ice into the water (if the ice melts, just add a little more ice).

Observation Questions:  

1-1.
Draw two diagrams, one showing the seed crystal inside the test tube of melted salol and one showing the crushed ice inside the test tube of water.



Test tube with a few crystals 
Test tube with a few pieces 



of salol in molten salol
of crushed ice in water

Interpretation Questions:  

1-2.
Which has a higher density, crystalline (solid) salol or molten (liquid) salol? How do you know?

1-3.
Which has a higher density, water or ice? How do you know?

1-4.
When rock melts, deep under ground, it typically isn't any hotter than the unmelted rocks around it; it merely has a lower melting temperature than the rocks around it.  Yet, the melt (magma) tends to rise, often making it all the way to the surface as a lava flow.  Why does magma begin to rise, even though it's no hotter than the unmelted rocks around it?

Activity #2:  Melting and Crystallization

Materials:
several sealed test tubes of salol (phenyl salicylate)—there should be one per person


plastic beaker of hot tap water (get from front sink)



hot plate



large glass beaker with hot water in it



thermometer



insulated gloves


1 plastic beaker filled with ice water (get ice from front counter)


10x magnification hand lenses


large example of radiating clumps of crystals (in a box)


large example of a single crystal (in a box)

Prediction Question
2-1.
In this activity, you will be melting and then cooling (and therefore crystallizing) molten salol at two different speeds. What do you think will happen? (Circle your answer)
a.
The salol whose temperature drops faster will form larger crystals.

b.
The salol whose temperature drops more slowly will form larger crystals.

c.
The rate of cooling will not make any difference; the crystals will be the same size, no matter how quickly the temperature of the salol drops.
2-2.
Explain the reasoning behind your answer. 
Activity
1.
Melt almost all of the salol:  Use the same procedure you used for Activity #1, Step 1.

2.
Simulate the formation of a volcanic rock:  Take half of the test tubes out of the hot water and place them in the ice water.  Swirl each test tube in the ice water for a few seconds and then, for 5 seconds or so, rotate the test tube while holding it sideways, coating the insides of the test tube with the melt.  Repeat these two steps until all of the salol had crystallized (a minute or so).  This rapid cooling process is analogous to the formation of a volcanic rock; the melted rock (lava) cools and crystallizes quickly because it erupts onto the Earth's surface, which is much cooler than the depths of the Earth.  Look at the crystals with a hand lens; note the sizes of the crystals.  

3.
Simulate the formation of a plutonic rock:  Take the remaining half of the test tubes out of the hot water and slowly rotate each tube while holding it sideways, coating the insides of the test tube with the melt. Continue rotating slowly until all of the salol has crystallized (about 5 minutes).  This slow cooling process is analogous to the formation of a plutonic rock; the melt cools and crystallizes slowly because it stays deep underground and has a thick insulating layer of rock above it.  Look at the crystals with a hand lens; note the sizes of the crystals.  

Observation Questions:  

2-3.
Which procedure produces larger crystals, a rapid temperature drop or a gradual temperature drop? 

Hint:  Be sure to base your answer on the sizes of individual crystals; not on clumps of small radiating fibrous crystals (see the large example of similar clumps of crystals). Large individual crystals of salol are diamond shaped if they are free to grow without bumping into other crystals (see the large example of a similar crystal).  

2-4.
Draw enlarged sketches of some of the crystals in each test tube.  



Crystals that formed when the
Crystals that formed when the



salol cooled quickly
salol cooled slowly

Interpretation Questions:  

2-5.
Which should have larger crystals, volcanic rock or plutonic rock?  Explain the reasoning behind your answer.

2-6.
What would happen if the melt were chilled so suddenly that the crystals had no time to form?  Why?

2-7.
In terms of crystal size, what would happen if the liquid salol cooled slowly for awhile and then was cooled quickly (placed in ice water)?  Explain the reasoning behind your answer. If there's time, try it!

2-8.
If magma cools slowly deep underground for awhile and is then expelled quickly onto the surface, will the crystals be big or small?  Explain the reasoning behind your answer.

Activity #3:  Watching the Crystallization Process

Materials:
glass Petri dish full of salol (phenyl salicylate), with glass cover.


hot plate


10x magnification hand lenses


insulated gloves


paper towels

Activity
1.
Melt the salol: Set the hot plate on low. CAREFULLY, supporting the bottom of the Petri dish so that it doesn't fall, place the Petri dish on the hot plate with one side hanging 1/4 inch or so over the edge. Let all of the salol melt except for a small amount at the overhanging edge. 

2.
Remove the salol from the hot plate: Wearing the insulated gloves, CAREFULLY— supporting the bottom of the Petri dish so that it doesn't fall—remove the Petri dish from the hot plate and place it on the lab table. If the cover glass fogs up (usually it does), briefly place the cover glass upside down on the hot plate; then wipe the inside with a paper towel and put it back on the Petri dish. . 

2.
Watch the salol crystallize again: Using the magnifying hand lens, watch the crystals form and grow. 

Observation Question:  

3-1.
Do crystals start growing all over the dish or do they start in a few spots and grow bigger from there? Describe what happened.

More Activity: Repeat the experiment but place the dish on a bed of ice.
Observation Question:  

3-2.
Do the rapidly-cooling crystals start growing all over the dish or do they start from a few spots and grow bigger from there?

Interpretation Questions:  

3-3.
Develop a hypothesis to explain why slow cooling and rapid cooling of a melt produce crystals of different sizes.
Objectives
When you have completed this lab you should be able to: 

1.
describe the fundamental difference between glass and crystalline material.

2.
tell the following apart:

a.
natural glass

b.
rock made of intergrown microscopic crystals

c.
rock made of intergrown crystals that are big enough to see

d.
rock made of a mixture of microscopic crystals and crystals big enough to see

3.
look at an igneous rock and determine whether it (a) crystallized slowly deep underground or (b) came out of a volcano as lava and then crystallized quickly on the Earth's surface.

4.
identify six types of igneous rocks and, as appropriate, add adjectives to the names.

Activity #1: Judging the Sizes of Crystals in a Rock and Distinguishing Crystalline Material from Glass

Materials:
coarse brown (raw) sugar



golden brown sugar



butterscotch candy



Rocks Q, R, V, W



10x magnification hand lenses

Activity: 
Using the magnifying hand lens, closely examine the sugar, the candy and the rocks.  Note the presence or absence of crystals. Note the sizes of any crystals present.

Observation Question:  

1-1.
Draw lines connecting each substance with the appropriate description.

Substance
Description
coarse brown (raw) sugar
Made of unordered atoms; contains no crystals

golden brown sugar


butterscotch candy
Made of tiny microscopic crystals

Rock Q


Rock R
Made of “large” crystals, big enough to 




distinguish with the naked eye

Rock V

Rock W
Made of a mixture of large and tiny crystals

Interpretation Questions:  

1-2.
Which of the rocks (Q, R, V and W) are plutonic?  Which are volcanic?  Explain the reasoning behind your answers. 
1-3.
Describe how each rock formed. Include in your description the type of environment in which the rock formed (i.e. deep underground, on the Earth's surface) and how quickly it cooled and solidified. 
a.
Rock Q

b.
Rock R

c.
Rock V

d.
Rock W

Activity #2: Classification of Igneous Rocks

Introduction: Geologists classify igneous rocks by their texture and composition. The chart below shows the igneous rock classification system that we will use for this class. 

Classification of Igneous Rocks (all rock names are in bold face)
	Composition
	Felsic (High in Silica)
	Mafic (Low in Silica)

	Overall Color* 
	Cream, Pink, or Light Gray
	Dark Gray to Black

	Plutonic 

(All grains large enough to distinguish with the naked eye)
	Granite
	Gabbro

	Volcanic 

(Most grains microscopic)
	Rhyolite
	Basalt

	Volcanic Glass

(disordered mass of atoms; not crystalline)
	Obsidian: very shiny; breaks into smooth curved surfaces with very sharp edges; often dark gray, black or red, despite its felsic composition.

	
	Pumice: so full of holes it looks frothy; very low density; may float on water.


Special Textures of Some Volcanic Rocks
These texture names are used as adjectives added to the rock names. For example, you might have a porphyritic basalt.

Porphyritic:  a mixture of microscopic crystals and crystals large enough to see.

Vesicular:  containing large rounded holes (frozen gas bubbles)** 

Materials:
10 igneous rocks labeled A, B, O, Q, R, S, U, V, W, X



one magnifying hand lens per person



12 pieces of 8.5" x 11" scrap paper



Pages 56−59 of your textbook (includes photographs of all of these rock types)

Activity:
Use the 12 pieces of scrap paper to make a LARGE copy of this classification table, spread out on your lab table. It should look something like the table on the right--a simplified version of the Classification of Igneous Rocks on the previous page (Rock names are in bold type.). Place all 10 rocks on the appropriate pieces of paper. Have your instructor check your work.




	
	Felsic
	Mafic

	Plutonic
	Granite
	Gabbro

	Volcanic
	Rhyolite
	Basalt

	Volcanic
	Obsidian
	

	Volcanic
	Pumice
	


Identification Questions:  

2-1.
Write the name of each rock next to its letter:

A. 


S. 

B. 


U. 

O. 


V. 

Q. 


W. 

R. 


X. 

Some of the volcanic rocks have special textures. In other words, some of the volcanic rocks are vesicular and some are porphyritic (some may even be both). Examine all of the volcanic rocks and figure out which are vesicular, which are porphyritic, which are both, and which are neither.

2-2.
List the letters of all the vesicular volcanic rocks: 

2-3.
List the letters of all the porphyritic volcanic rocks: 

Activity #3: The Source of Volcanic Gas

Materials:
One warm bottle of carbonated water (soda water)—on the front lab table



One warm bottle of water that is not carbonated—on the front lab table



Video of the eruption of Kileaua (Volcanoscapes: Pelé's March to the Pacific)



Video segment of the eruption of Mt. St. Helens

Questions to Answer BEFORE Doing the Activity (While the Bottle is Still Sealed)
3-1.
Compare the water in the two bottles. Can you see any difference? Can you determine which bottle contains carbonated water and which bottle contains plain water? How?
3-2.
What do you predict will happen when the instructor opens the bottle of carbonated water? Why?

Activity (This activity will be performed by the lab instructor):

1.
Watch the segment of the video on the eruption of Kileaua on the Big Island of Hawaii. This video shows a beautiful fountain-type of eruption. 

2.
Spread newspapers over the front counter.

3.
Rapidly open the bottle of warm carbonated water.

Questions to Answer AFTER Doing the Activity
3-3.
Describe what happened when the instructor opened the bottle.

3-4.
Where did the gas bubbles come from?

3-5.
Why did the gas bubbles form?

3-6.
Examine a piece of vesicular basalt. The round holes are gas bubbles that formed when the rock was still a molten liquid. Was the gas that formed these bubbles made up of air that got into the lava or was it made up of gas that somehow came out of the lava? Explain.

More Activity (This activity will be performed by the lab instructor):

1.
Watch the segment of the video on the eruption of Mt. St. Helens in the State of Washington. This video shows a violent explosive eruption in which lava sprayed up into the air as tiny rapidly-moving droplets that solidified in the air and rained down as gray volcanic ash. This eruption occurred suddenly, immediately after an earthquake shook loose the giant “plug” of rock that had been blocking the volcanic vent and allowed it to instantly slide down the volcano and open the vent.

2.
Spread newspapers over the front counter.

3.
Take a factory-sealed very warm bottle of carbonated water and shake it vigorously. Then rapidly open the bottle.

More Questions:

3-7.
Describe what happened when the instructor opened the bottle.

3-8.
What do you suppose could cause a volcano to erupt explosively (like Mt. St. Helens) as opposed to quietly fountaining (like  Kileaua)?  Hint: it has something to do with pressure.

Introduction


Rocks are made of many mineral grains stuck together. These individual mineral grains range in size from microscopic to several feet in diameter. Unfortunately for earth scientists, most min​eral grains are quite small (that's why they're called “grains”). In this lab, we will look at very large mineral grains and/or rocks made of small grains of just one mineral. These specimens will illustrate the basic physical properties of minerals exceptionally well. Once you have mastered the ability to identify the minerals in these exceptional specimens, you will learn to identify smaller mineral grains embedded in ordinary rocks. This skill is important because many rocks are classified by the minerals that they contain. 

Objectives
When you have completed this lab you should be able to…

1.
distinguish different kinds of minerals in the same rock.

2.
determine the following types of physical properties of minerals: hardness, fracture, cleavage, streak, luster, reaction to acid, taste, and double refraction.

3.
use these physical properties to identify 12 common minerals:

amphibole
chlorite
halite
olivine

calcite
feldspar
iron oxides (rust)
quartz

clay
garnet
mica
serpentine

Activity #1:  Analysis of Two Igneous Rocks

Introduction: 
The basic “ingredients” of rocks are called minerals.  

• All minerals have a crystalline structure.  In other words, the atoms that make up minerals are arranged in regular geometric patterns.  

• In all specimens of the same mineral (quartz, for example), the internal geometric arrangement of the atoms is the same.  However, it is possible for the outsides of two crystals of the same mineral to have quite different shapes, especially if they bumped into other crystals as they grew (for example, not all quartz crystals have a perfect six-sided prism shape).

• All specimens of the same mineral have a similar chemical composition. That is, all minerals can be broken up into ingredients called “elements” (some examples of elements are silicon, oxygen, and iron).  There is some variation in the numbers and kinds of elements that make up minerals, just as there is some variation in the ingredients in chocolate chips, but they’re all still chocolate chips.

Materials:
Two igneous rocks, labeled “A” and “B”

Activity:  Carefully examine the two rocks.  

Identification/Review Questions:   

1-1.
Rocks A and B are both of the same type of igneous rock.  What type of rock are they?

1-2.
Are rocks A and B plutonic or volcanic?  


How do you know?

Observation Questions:   

1-3.
Even though rocks A and B are similar enough to be considered the same type of rock, there are some differences.  Describe these differences as clearly and accurately as you can.

1-4.
Each rock contains three major types of minerals.  Describe the color, shape and other characteristics of any major mineral(s) that the two rocks have in common:

1-5.
Describe the color, shape and other characteristics of any major mineral(s) found in one of the rocks but not in the other.

Activity #2:  Physical Properties of Minerals--Color
Materials:
12 minerals*, labeled 1-18.

Background Information:  Color is an obvious property of minerals, but it is generally NOT a reliable property to use for identification.  Small amounts of impurities can change the color of a mineral, especially if the mineral tends to be clear when pure.  For example, quartz can be clear, white, pink, purple, gray, black or almost any color you can think of.  However, for some minerals, color doesn't vary much at all; so it can be safely used to help identify the mineral.  

Activity:  Note the color(s) of each mineral specimen and write them in the appropriate form on the pages headed “Properties of Classroom Mineral Specimens.” Carefully read the notes that describe how typical these particular colors are for each mineral.

Lab Activity #3: Physical Properties of Minerals—Hardness

Background Information:  Hardness is a measure of “scratchibility”. Diamonds are harder than glass; if you scrape a dia​mond across a piece of glass, the diamond will leave a scratch mark on the glass (so will many other minerals, as you will soon see). If you scrape a piece of glass across a diamond, the glass will powder and, perhaps, leave a mark; but that mark is easily rubbed off. Another effect of the differences in hardness is that the glass will skate easily across the diamond, whereas the diamond resists being scraped across the glass.


Materials:
12 minerals, labeled 1-18.


Piece of window glass (Hardness = 5.5)


Copper penny (Hardness = 3.0)


Fingernail (Hardness 2–2.5)

Activity:  Following the 3-step procedure described below and on the next page, determine the hardness of each mineral specimen and write it in the appropriate box in the pages headed “Properties of Classroom Mineral Specimens.” Carefully read the notes that describe how typical each hardness is for that particular mineral. 
Step 1:  Place the piece of glass flat on the lab table.  With some pressure, drag the mineral specimen across the piece of glass. Rub off any powder that may have formed.  If no mark remains, go to step 2.  If a mark remains, the mineral has scratched the glass because it is harder than the glass; i.e. it has a hardness greater than 5.5.  Write “> 5.5” on the appropriate line of the form for that specimen.  Go on to the next specimen. 
Step 2:  If the specimen does not scratch the glass, the mineral is softer than glass and has a hardness of less than 5.5. Drag the mineral specimen across the copper penny. If the mineral fails to scratch the penny, go to step 3.  If the mineral scratches the penny, its hardness is between that of a penny and a piece of glass (between 3 and 5.5).  Write “between 3 and 5.5” on the appropriate line of the form for that specimen.  Go on to the next specimen.

Step 3:  If the mineral cannot scratch a penny, its hardness is less than 3. Try to scratch the mineral with your fingernail. If you're successful, the hardness of the specimen is less than 2.5. Write “<2.5” on the appropriate line of the table above. If you fail to scratch the speci​men, its hardness is between 2.5 and 3. Write “between 2.5 and 3” on the appropriate line of the form for that specimen. Go on to the next specimen.

Lab Activity #4: Refining Our Ability to Identify Minerals—How a Single Crystal of a Mineral Breaks (Cleavage vs. Fracture)

Background Information:  

• Read about cleavage and fracture on p.37–38 in the textbook and study Figures 2.14 and 2.15.

• Watch the segment on cleavage in the videotape Rocks that Originate Underground.

Additional Information:  


The concept of the characteristic cleavage of a mineral applies only to how a single crystal (or a fragment of a single crystal) behaves. For minerals such as clay, serpentine and iron oxides, which tend to form tiny microscopic crystals, the terms “cleavage” and “fracture” do not apply because we can't see how a single crystal breaks.


A mineral may cleave in some directions and fracture in others. 


It is very easy to confuse cleavage surfaces (perfectly planar surfaces along which the crystal broke) with crystal faces (the edges of the crystal as it grew).  Common minerals will have, at most, three cleavage directions.  Those cleavage directions will generally form angles of around 60°, 90° or 120°. If there are three directions, those three directions will tend to form a box shape, never a pencil shape. In addition, a true cleavage surface will often have lots of surfaces parallel to it; all those surfaces will reflect light at the same angle, so that all those parallel surfaces will “light up” as you turn the mineral and catch the light at just the right angle.

Materials:
Bulk unlabeled samples of minerals 1, 7, and 8 (not the nice ones in the boxes)


Rock hammer


Goggles


Zip-loc bag


Labeled mineral specimens in boxes

Activity:  

1.
Obtain unlabeled samples of minerals 1, 7 and 8 from the front desk (Please do not bash the labeled samples in the boxes).

2.
Examine and then break the unlabeled samples as follows:

a.
Before you break each sample, sketch it in the appropriate box of the table on the next page, so that you remember what it looked like.

b.
One at a time, place each mineral specimen in the Zip-loc bag and hit it with the rock hammer until it breaks.

c.
Sketch the broken pieces in the appropriate box of the table below.

d.
Describe how the mineral broke (did it cleave or fracture or both?).

e.
Try to break one piece of each mineral again, in a different direction.  Continue this process until you have determined the number of cleavage directions for each of the three minerals.  Note the angles between the directions of cleavage (“90°” or “not 90°”).

3.
Examine the mineral samples in the boxes, but don't break any of them. Those that cleave have already been broken. Describe any cleavage and/or fracture of each mineral specimen and write it in the appropriate box in the pages headed “Properties of Classroom Mineral Specimens.” Carefully read the notes that describe whether cleavage can help you identify each particular mineral.

Bashing Unlabeled Bulk Mineral Specimens
	
	“Before” Sketch
	“After” Sketch
	Does it cleave or not?
	# of cleavage directions and angle between them 

(“90°” or “not 90°”)

	#1
	
	
	
	

	#7
	
	
	
	

	#8
	
	
	
	


Lab Activity #5: Special Properties of Some Minerals

Materials Needed: 
• mineral specimens 1-18

• unglazed white ceramic tile 


• small bottles of 10% hydrochloric acid

Procedure:  For each mineral characteristic below, record your observations under “Luster” or “Other Character​istics,” as appropriate, on the pages headed “Properties of Classroom Mineral Specimens.”
Luster: (See p. 35 in the textbook) Describe the luster of each mineral (suggested terms: glassy, dull, pearly) and record them in the appropriate forms in the pages headed “Properties of Classroom Mineral Specimens.”

Double Refraction:  Place all of the clear specimens on a page of paper with writing on it.  Look at the writing through the specimen and check for double images (caused by double refraction).  Note any specimens that display double refraction and record them in the “Other Characteristics” lines in the appropriate forms on the pages headed “Properties of Classroom Mineral Specimens.”

Taste:  Lightly place your tongue on specimen #7.  Note its strong taste and describe it under “Other Characteristics” in the form for specimen #7.

Reaction to Acid:  10% Hydrochloric acid reacts with some minerals, vigorously dissolving them and releasing a gas. When we put acid on these minerals, we hear a fizz and see bubbles. Specimen #’s 8 and 9 are the only ones in our boxes that react to acid. Place a drop of 10% hydrochloric acid on sample #9 (not on #8 please--you'll cloud it up); note the reaction and describe it under “Other Characteristics” in the forms for specimens #8 and #9.

Streak: (See p. 36 in the textbook) The only mineral specimen in our boxes with a characteristic streak is #17.  Rub a piece of it over a white unglazed tile. Write descriptions of the color(s) of the powder under “Other Characteristics” in the form for specimen #17.

Crystal Form:  When a crystal grows freely without bumping into other nearby crystals, it develops a characteristic shape. Two of the mineral samples in the boxes have nicely formed crystals with characteristic shapes: #1 and #16. Carefully examine these specimens and label each diagram below with the appropriate specimen number. Describe the shapes of specimens #1 and #16 (or draw them) under “Other Characteristics” in the forms for those specimens.

[image: image39.wmf]
Lab Activity #6: Identifying Mineral Specimens 1-18
You are now ready to use the mineral identification tables (located after the “Properties of Classroom Mineral Specimens” pages) to identify the minerals you’ve been studying. Write the appropriate mineral name on the bottom of each form. Make sure the mineral properties match 100%; if they don’t, you either made a mistake in describing the mineral properties or you misidentified the mineral. Have your instructor check your work.

Lab Activity #7: Identifying Minerals in Rocks

Introduction: You now have a bag of tricks for using the physical properties of minerals to identify them. It is time to go back to the igneous rocks and use these physical properties to make certain that our identification of the minerals in rocks A and B is correct and to take on the more challenging task of identifying the minerals in rocks O and W (the other igneous rocks you’ve been studying are all too fine grained or too dark to pick out the minerals in them).

Activity:  Identify the minerals in the igneous rocks A, B, O and W.

Minerals in Rock A: 
1. 



2. 



3. 

Minerals in Rock B: 
1. 



2. 



3. 

Minerals in Rock O: 
1. 



2. 



3. 



4. 

Mineral in Rock W: 
 

Have your instructor check your work

Specimen #1
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #3
 Color:                                (Color varies for this mineral; this color is uncommon.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 




Specimen #2
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #4
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #5
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #7
 Color:                          (Color varies for this mineral; this color is the most common)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 




Specimen #6
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #8
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #9
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: This sample hasn’t been broken and so it does not display cleavage, but this mineral does cleave.
 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #11
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 




Specimen #10
 Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: This mineral is made of tiny microscopic crystals which do cleave in one direction, but it takes an extremely powerful microscope to see that.

 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #12
Color:                                 (Color varies for this mineral but this is a typical color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #13
 Color:                                 (This mineral is always a shade of this color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #15
 Color:                                 (This mineral is usually this color; it can also be green or blue—don’t worry about it for this class)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 




Specimen #14
Color:                                 (This mineral is always a shade of this color.)
 Hardness:                            (This mineral can fool you; it often contains small grains of the mineral magnetite, which is harder than glass. Test hardness in several spots; it shouldn’t scratch glass.)
 Cleavage/Fracture: This mineral tends to break in curved very smooth sheets that are not technically mineral cleavage. In reality, this mineral is made of tiny microscopic crystals so you can’t see cleavage..

 Luster: 


 Other Characteristics: 


Mineral Name: 



Specimen #16
 Color:                                 (This mineral is always a shade of this color.)
 Hardness: 


 Cleavage/Fracture: This sample of this mineral is a single unbroken crystal. Don’t break it! It won’t cleave.
 Luster: 


 Other Characteristics: 


Mineral Name: 


Specimen #18
 Color:                                 (This mineral is always this color.)
 Hardness: 


 Cleavage/Fracture: 


 Luster: 


 Other Characteristics: 


Mineral Name: 




Specimen #17
 Colors:                                 (This mineral is always one of the colors in this specimen)
 Hardness:                        (The hardness of this mineral varies. Don’t count on each sample to have this same hardness.)
Cleavage/Fracture: This sample of this mineral is made of multiple microscopic crystals; you can’t see cleavage.
 Luster: 


 Other Characteristics: 


Mineral Name: 
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Special Textures of Some Volcanic Rocks

 (terms used as adjectives for the above rock names) 

Porphyritic:

  a mixture of microscopic crystals and crystals large enough to see.

 

Vesicular:

 containing large rounded holes (frozen gas bubbles). 

  

 

Volcanic Rocks that contain no Minerals (They are made of disordered atoms, i.e. glass)

 

Obsidian:

 black, gray or red-brown; glassy. Contains no crystals. Usually has felsic composition. 

Pumice:

  gray, full of holes, very lightweight, spun glass.  Usually has felsic composition.








�Sources of Information


"Ice," Microsoft® Encarta® Online Encyclopedia 2000 (http://encarta.msn.com ©) 


Senese, Fred, 2000, Department of Chemistry, Frostburg State University, Maryland (http://antoine.fsu.umd.edu/ chem/senese/101/index.shtml)


Libbrecht, Kenneth, 1999, Professor of Physics, California Institute of Technology (http://www.cco.caltech.edu/ ~atomic/snowcrystals/ice/ice.htm)


Serway, R.A. and Faughn, J.S., 1992, College Physics (3rd edition): Saunders College Publishing, p. 318–319.





�We'll find out why later this semester.


� In Figure 7.12 and most other figures in the textbook, asthenosphere is shown in deep orange, mantle lithosphere is shown in textured tan; oceanic crust is shown in textured brown and continental crust is shown in off-white. It is helpful to remember this color scheme as you study the plate tectonics diagrams.


�We'll learn more about ultramafic rock later this semester.


� Remember from lab that any substance expands when its temperature increases and contracts when its temperature decreases.


�They actually make high pressure ovens that create conditions similar to those within the mantle.


* Hint: you don't need to do any math to correctly answer this question.


� A “volatile” is any substance that readily changes to a gas at the temperatures  and pressures typical of Earth’s surface (H2O and CO2 are good examples)—definition modified  from the one in the textbook on p. 250.


* An outcrop is an exposure of solid rock “in place” at the earth's surface. It is not loose; it is anchored to the bedrock that is always present (but usually invisible) under the soil and vegetation we more typically see on the earth's surface.


� 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.


*The symbols to use are <  (less than), >  (greater than), or  = (equal to).


*Activities 3 and 4 were adapted from the “Hot Water, Cold Water” activity in the Full Option Science System (FOSS) Water Module for Grades 3-4.  The FOSS curriculum materials were developed under the guidance of Dr. Lawrence F. Lowerey by the Lawrence Hall of Science at UC Berkeley; they are distributed by Encyclopaedia  Educational Corporation.  The FOSS Water Module is in our library.





**If this set-up has not been completed for you, follow the procedure below:


1.	Mix a small amount of water and a few drops of green food coloring in a beaker


2.	Pour the green water into the clear glass bottle until it is almost completely full. 


3.	Push the end of the eye dropper into the hole on the large end of the rubber stopper.


4.	Place the rubber stopper on the glass bottle; press down to seal tightly. Some green water should rise up into the eye dropper. 


5.	If there is any excess green water in the large beaker, discard it.





* Almost all igneous rocks have some mafic (black) minerals in them. Thus many “felsic” rocks have a speckled appearance.  That's why we use “overall” rock color (the color of the rock when you see it from a distance) to name the rock.  The whole rock is not considered mafic unless it is all dark gray to black (or black and green if it contains the mineral olivine).


**  Note that ALL pumice is vesicular; thus we don't ever say “vesicular pumice” because that would be redundant.


*There are 18 samples of only 12 minerals; thus there are multiple examples of some especially common minerals.  We did this so that you could see some of the variety within those mineral types.








*Supported by NSF Grant #9455371. Permission is granted to reproduce this material for classroom use.
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