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Welcome

The 21st Century Center for Research and Development in Cognition and Science
Instruction, the only one of its kind in the United States, was established with funding from
the Institute for Education Sciences, a research arm of the United States Department of
Education in July 2008. The main challenge for the Center is to incorporate cognitive science
principles to existing middle school science curricula and measure the effectiveness of such
modifications. Partnering in this endeavor with the Center is a team of cognitive scientists
from the University of Pennsylvania, Temple University, and the University of Pittsburgh,
who have created the materials in this binder.

If you have been given this binder, you are an integral part of this research study into “what
really makes a difference for students learning science.” Your faithful implementation of
these modifications is critical to the research which will result in meaningful evidence of the
effectiveness of the cognitive principles employed in the materials. Your experience using
the materials in the classroom with your students and your feedback on their usage is the
core of the work of the Center. We are grateful for your willingness to join us in this exciting
endeavor. We hope you will find the opportunities to interact with these materials and with
other teachers in your grade level to be both stimulating and satisfying. Thank you for
joining the team.

The Centet’s main office is located in Conshohocken, Pa. For more information about the
Center and its work, please visit our website at http://cogscied.org/.




How To Use This Binder

At the outset, we would like to thank our pilot teachers who contributed to the evolution of
these materials. We have incorporated their thoughtful feedback about the organization of
the materials to facilitate teacher use. We hope you find the binder user-friendly!

The first sections of the binder, the introductory materials, serve as an overview of the
materials. After a brief description of the project in the Welcome, the remaining sections
include a description of the Cognitive Science Principles employed in the modifications, the
“Big Ideas” in the unit, Words Students Need to Learn, Table of Contents, and the
Overview Calendar of “Inside the Restless Earth” materials.

The remainder of the binder is organized by chapter ordered by days. Each day has its own
page listing the Big Idea, teacher and student materials needed, and activities of the day with
suggested timing for them. This is followed by actual instructional materials for use on that
day. Most days have a Warm-up, a powerpoint slide with follow-up questions in the notes
section. They are designed to either review eatlier work or to set the stage for that day’s
topic. This is followed by teacher notes that may include copies of the powerpoint slides for
the Contrasting Cases along with teacher notes. Student worksheets for the Contrasting
Cases are found in a separate section at the back of the Binder. Some days refer to the use of
the Holt text. Teachers are encouraged to use the text in their normal fashion. Some days
include copies of Visualization powerpoint slides. Visualizations are discussions about
diagrams students encounter in the text. Again teacher notes are included with the
powerpoint slides to guide the teacher in those discussions. Weekly quizzes are included with
answer keys included on the day they are scheduled to be given. Student quiz masters are
included in a separate file at the end of the Binder. Each section of a chapter ends with an
End-of-Section Survey which lists the activities and provides space for comments. Teachers
are encouraged to fill this Survey in as they go through the activities. These sheets will serve
as the basis of discussion at the follow-up Professional Learning Community meetings that
are scheduled during implementation.

Included with the Binder is a CD-Rom of powerpoint slides for the Contrasting Cases, the
Visualization exercises, and Warm-ups. These are identified by chapter and day. Materials
not provided in your Holt kit but required for doing the Contrasting Case activities such as
the the rheoscopic fluid are also provided.

We hope you find the organization of the materials in the binder easy to use. As you use the
materials, any feedback to improve the binder will be very much appreciated!



Cognitive Principles

The CaSE project approached the development of modifications using four areas of focus
derived from current cognitive science research on student learning:

* Contrasting Cases

* Visualizations

* Prior Knowledge and Misconceptions

* Spaced Testing
Each of these draws on well-established principles of cognitive science and has been shown
in previous studies to be effective in improving student learning in science.

Contrasting Cases

A typical way of teaching (in science, law, medicine, etc.) is through concrete examples or
cases. Cognitive science research has found that some ways of using cases are much more
effective for student learning than common practice in teaching with cases; these results can
be very surprising to teachers (as they were to many researchers). One result is that asking
students to compare across cases is much more effective than asking students to consider
each case one at a time (Gentner, Loewenstein, & Thompson, 2003), with one study finding
that a comparison between two cases leads to more learning than sequentially studying five
cases. Case comparison helps students see the abstract ideas that are true across cases, rather
than focus too much on what is specific to each case. This abstract understanding helps
them transfer their knowledge to tests and other contexts (Gick & Holyoak, 1983).

Another interesting result relates to the timing of contrasting cases. In most textbooks, case
comparison is usually placed as a homework task at the end of a unit of study, asking
students to differentiate related ideas they have already learned about. Surprisingly, research
has found that case comparison should be done before principles are introduced rather than
as a form of practice (Bransford & Schwartz, 2001). The idea is that the case comparison
helps students ‘see’ the critical features that are common across the cases. The students can
then use these features to make sense of the principles and laws taught in a lecture, text, or
experiment by relating the principles to the critical features they already know.

As a result, we have added contrasting cases early in the instruction of each chapter, to help
students build a strong conceptual foundation to ground the instruction that happens later in
the chapter. We have focused our choice of contrasting cases on the biggest ideas of each
chapter. We have also tried to make the cases interestingly different so students can be
surprised with the diversity of cases for which these ideas apply. You will also see that the
tasks focus student attention on what is common across cases within a category, and on
what is critically different across categories that need to be separated.



Visualizations

Students often fail to make the most of the images that they come across in educational
settings. In some cases, they may skip images entirely while reading. When they do look at
the images, they often lack the skills to fully appreciate them (Berthold & Renkl, 2009). For
example, many teachers are surprised to find that students who are skilled in other ways are
unable to follow the arrows, captions and labels in a complex diagram (Hegarty, Kriz, &
Cate, 2003). When students do not understand these diagrams, they may come away with an
inaccurate understanding of the content, and they might become more likely to skip
diagrams entirely to avoid further frustration (Bartholomé & Bromme, 2009).

The visualization exercises are designed to address this problem in two ways. The first is to
provide your students with explicit training in common elements of diagrams and other
images. At the beginning of the unit, these exercises are very simple, focusing on identifying
common elements of images and how to interpret them. As the unit progresses, the
exercises build in complexity and become progressively more demanding.

The second thing these exercises are designed to do is promote better habits. Students will
not only learn how to make sense of the difficult images they are often confronted with, they
will also learn that they MUST make sense of these images. They will learn that once they
start to pay close attention to them, the images will help them understand.

A hard copy of the exercises has been made available in your materials. In addition, for those
teachers that have access to digital projectors, all of the exercises have been compiled in
PowerPoint files. The exercises are usually quite short, generally requiring no more than five
minutes to complete. Your daily schedule will give you an idea about when to conduct each
exercise. Usually, the exercises are built around an image from the curriculum, and each
exercise is intended to be conducted when you would naturally come to that image. We
understand that classes have their own rhythm, and that running a classroom demands some
room for discretion. For this reason we identify the best day for each exercise, but of course
you should choose the best moment within that day. We also recognize that sometimes even
more flexibility is required, so you may occasionally do an exercise on the day before, or the
day after it is scheduled, but we strongly encourage you to try to do these exercises on the
assigned day. It is also important to understand that these exercises should be done 7
addition to any instruction you would normally attach to a particular image. For example, if
there is an exercise that focuses on the arrows within a diagram, this does not mean that you
should pass up opportunities to explore other elements of the diagram, elaborate on the
content addressed by the diagram, or anything else you would ordinarily do within the flow
of your teaching.
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We would like to make one final point. While developing these exercises, we often heard
teachers predict that they would be “too easy,” and that their students had already mastered
these ideas, and might even feel put-off. Once they tried them, however, they were
frequently surprised by the number of students who clearly needed this sort of instruction.
Yes, some of your students will already be skilled with images, but many of them will not be,
and for those who are not skilled, the problem runs quite deep.

Prior Knowledge and Misconceptions

Cognitive research shows that one of the strongest predictors of how well a student is likely
to learn something is how the new learning is related to what the student already knows and
to how their prior knowledge is organized (NRC, 1999, 2000). If the concepts to be learned
and the way that they are organized match neatly with a learnet’s pre-existing knowledge
base, then the learning is likely to be smooth and rapid. However, in science, students often
lack relevant conceptual frameworks or have frameworks that are not developed enough to
support new learning adequately. If students cannot relate new information to a meaningful
framework, they will probably resort to memorizing terms that will quickly be forgotten or
that will remain in isolation, unable to be connected to other knowledge or applied when

relevant.

Science often extends everyday understanding to new levels that cannot be directly seen or
experienced in everyday life. For example, much of biology and chemistry involves learning
about entities and processes at a microscopic level. To make sense of this, students need to
add new levels of concepts and explanatory systems to their understanding of the natural
world and then work out how those levels are connected to their pre-existing views of the
world (Smith et al. 1997). Several of the modifications in this unit are aimed at helping
students develop new frameworks to help them take in scientific ideas that involve new
levels of explanation.

Science also involves very large variations in scale. Evolution and some kinds of geological
processes, for instance, happen over very, very long periods of time. Space is unimaginably
vast. Cells, molecules, and atomic particles are inconceivably small. Learners must stretch
their ability to think about large and small magnitudes that extend far beyond their everyday
experience. A number of the modifications made throughout this unit, including many of the
visualization activities, are designed to help students recognize when extreme scales are
relevant and to develop tools for interpreting them in more meaningful ways.

One of the biggest challenges for teaching and learning arises when students have an
entrenched misunderstanding that conflicts with the material to be learned. When a larger
conceptual/explanatory system is in conflict with new learning, cognitive researchers often
say that the student has a misconception (Carey, 1991, 2009; Chi, 1992). As cognitive scientists
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use the term, a misconception is more than a common factual error or a mistaken belief. It’s
not just that a student is viewing an isolated concept in a different way; instead, a larger
system of concepts and the causal or explanatory frameworks in which they are embedded
actively conflict with the material to be learned.

In science, there are a number of misconceptions that are well-documented and very
common. Many students, including college students who have successfully completed
relevant science courses, have persistent misconceptions in some areas of science. These
misconceptions seem intuitive and self-evident to them. In contrast, understanding the
causal mechanisms of modern scientific theories is often less intuitive and requires
developing more detailed and complex explanatory systems.

Misconceptions tend to be entrenched and automatic in students’ thinking, and they are
resistant to change. It’s important to be aware of them to make sure that teaching and
learning activities emphasize scientifically correct views and do not reinforce the
misconceptions. However, it’s also important to recognize that misconceptions are not easily
changed: simply explaining to students that their ideas are incorrect is usually not effective.
Countering misconceptions is generally a long, gradual process, in which a new
causal/explanatory structure is constructed and applied repeatedly with the students at the
same that the students’ incorrect alternative way of looking at things is challenged.

The modifications made to the curriculum have been designed with these kinds of learning
challenges in mind. The order of concept presentation differs somewhat from the sequence
found within the Holt text. The modified materials start with Chapter 3 to help students
begin to understand that geologic processes happen over very, very long periods of time.
Similarly, the rock cycle is introduced at the end rather than the beginning of Chapter 2 to
enable students to build understanding of each formation process before examining how
they relate to one another. Places where common misconceptions are likely to arise are
addressed in the teacher materials accompanying the modifications. Throughout the unit, the
modifications are intended to make the “big ideas” in each chapter more accessible,
meaningful, and coherent to middle school students.

Spaced Testing

A large frustration for teachers is how quickly students forget what they have been taught.
Cognitive science research has shown that forgetting can be dramatically reduced by
occasional revisiting of old concepts in later tests (Rohrer & Pashler, 2007). This practice is
called spaced testing, where the test of a concept is spaced out over time rather than massed
all in a short amount of time. The longer you want students to remember something, the
more important it is to spread out the time between tests.
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Another related result is the value of testing per se. Students and teachers often assume that
simply re-reading or re-lecturing on prior materials is sufficient for improving retention of
material. In addition, with the current high-stakes testing environment, many people feel that
students are over-tested. Indeed, when done pootly, testing can have negative effects (e.g.,
reinforcing the wrong concepts or more superficial levels of understanding). However,
cognitive science research has found that, when done well, testing does actually help students
better remember material over-and-above spending the same amount of time just revisiting
the material (Roediger & Karpicke, 2000). There is some suggestion that short answer
questions help more than multiple choice, but both are helpful (McDaniel, Anderson,
Derbish, & Mortrisette, 2007).

In our modifications, you will see that we have a number of embedded assessments designed
to provide timely feedback to you as the teacher and to help improve student learning. First,
we have daily warm-up questions at the beginning of most lessons, which are meant to bring
to mind prior concepts most relevant to the lesson of the day. Often these concepts are
from the previous day, but sometimes they come from earlier weeks of instruction. We use
short answer formats because no official grading is required and this format is best for
learning. The provided slides include correct answers to support a brief in-class discussion
after students have written out their attempts; this provides students with quick feedback on
their answers and they can begin the lesson with a more solid foundation.

Second, we have end-of-section quizzes, which include some questions from prior chapters,
tfurther encouraging long-term retention of the concepts. Here we also encourage you to go
over the quiz results with students the next day. We use multiple-choice to enable quick
grading and looking at patterns across students.

Third, we have cumulative end-of-unit tests, which ask students to have a basic
understanding of the big ideas from many weeks of instruction, providing a basis for

improved retention many months later.

Finally, we have an end-of-year test which asks students to study for and bring back to mind
content from earlier in the year, greatly increasing the chances that they will remember this
information for years to come. End-of-unit and end-of-year tests will be distributed and
graded by the project team at the appropriate times. The warm-up and end-of-section
quizzes are provided to you with the other unit materials, so you can embed them in your
ongoing instruction and use the results immediately to help reinforce and assess students’

learning in progress.
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List of Big Ideas

days 1 & 2
* The world we live in gradually emerged over about 4.6 billion years.
* Humans have only existed for a tiny fraction of that time.
day 3
* The world we live in gradually emerged over about 4.6 billion years.
* The Grand Canyon only formed about 10 million years ago, but its rocks
reveal geologic events that happened as many as 1.7 billion years ago.
* Harth’s history is also recorded in fossils.
day 4
* Earth’s history is divided into eons, eras, and periods based on major
changes that occurred at those times.
day 6
* Both rocks and minerals are naturally formed solids.
* Minerals are elements or compounds.
* Rocks are mixtures that usually contain minerals.
day 7
* A mineral is a naturally formed, inorganic solid that has a definite crystalline
structure.
day 8
* Properties like luster, streak, cleavage, and fracture can be used to identify
minerals.
day 9
* Properties like hardness and density, and special properties like magnetism
and radioactivity can be used to identify minerals.
day 11
* A mineral’s properties are determined by how it forms and what it is made
of.
day 12
* Reclamation reduces the harmful effects of mining by returning land to its
original condition after mining is completed.
days 13 & 14
* There is heat and pressure inside the Earth, and they get more and more
extreme the deeper you go.
* The Grand Canyon only formed about 10 million years ago, but its rocks
reveal geologic events that happened as many as 1.7 billion years ago.
* Igneous rocks form when molten rock cools and hardens.
* Sedimentary rocks form when particles settle and get compacted and
cemented together. (day 14 only)
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List of Big Ideas

day 16
* Igneous rocks form when molten rock cools and hardens.
* Magma forms when solid rock melts.
day 17
* Intrusive igneous rock forms beneath Farth’s surface, where the temperature
is hot and cooling is slow.
* Extrusive igneous rock forms at or near Farth’s surface, where the
temperature is cooler and cooling is fast.
day 20
* Sedimentary rocks form when particles settle and get compacted and
cemented together.
* Sedimentary rocks form at or near Earth's surface.
* The particles that make up sedimentary rocks can be fragments of other
rocks, minerals that are dissolved in water, or the remains of organisms.
day 21
* Sedimentary rock formations contain layers, or strata, which form through a
process called stratification.
day 22
* When particles settle, the heaviest particles tend to settle first, and the
lightest particles tend to settle last.
day 23
* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.
* Metamorphic rocks form deep beneath Earth's surface, where heat and
pressure get more and more extreme the deeper you go.
day 24
* Igneous rocks form when molten rock cools and hardens.
* Sedimentary rocks form when particles settle and get compacted and
cemented together.
* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.
* Weathering is when rocks break apart to form small pieces or bits.
* Erosion is when something like water or wind picks up loose bits of rock.
* Transport is when the water or wind carries the bits of rock to another place.
* Deposition is when the water or wind slows down and the loose bits settle.
* The rock cycle is a series of processes that cause rocks to change from one
type to another.
* Depending on what happens to it, any type of rock can change into any
other type of rock.
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List of Big Ideas

day 26
* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.
* When metamorphic rocks are forming, increased pressure can prevent them
from melting.
day 27
* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.
* Sometimes heat and pressure will cause the minerals in a rock to combine
and form new minerals.
day 28
* Deformation is a change in shape that happens when heat and pressure
cause a rock formation to fold, bend, ot twist.
day 29
* When a rock is changing because of pressure, its grains tend to line up with
each other.
day 31
* Weathering is when rocks break apart to form small pieces or bits.
* Erosion is when something like water or wind picks up loose bits of rock.
* Transport is when the water or wind carries the bits of rock to another place.
* Deposition is when the water or wind slows down and the loose bits settle.
* Uplift is when movements inside the Earth push rocks to the surface.
* The rock cycle is a series of processes that cause rocks to change from one
type to another.
* Depending on what happens to it, any type of rock can change into any
other type of rock.
day 32
* The rock cycle is a series of processes that cause rocks to change from one
type to another.
* Depending on what happens to it, any type of rock can change into any
other type of rock.
day 33
* Rocks can be classified by composition, which is the minerals and other
materials that make up a rock.
* Rocks can also be classified by texture, which is the size, shape, and
arrangement of the grains that make up a rock.
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List of Big Ideas

day 36
* Based on composition, the Earth has three layers — crust, mantle, and core.
* The core is the densest layer, and the crust is least dense.
day 37
* Based on physical properties, the Earth has five layers — lithosphere,
asthenosphere, mesosphere, outer core, and inner core.
day 38
* The lithosphere is the rigidly solid outer layer of the Earth that consists of
the crust and upper mantle.
* The lithosphere is divided into pieces called tectonic plates.
day 39
* Continental drift is the hypothesis that the continents once formed a single
land mass, and they broke apart and drifted to their present locations.
* Sea-floor spreading is when new oceanic crust forms as tectonic plates move
apart and magma rises and solidifies.
day 41
* When part of a fluid is warm and part is cool, the warm part rises and the
cool part sinks.
* This results in a motion cycle called a convection current.
days 42 & 43
* Convection currents in the mantle cause tectonic plates to move.
* Divergent motion is when plates move apart, and convergent motion is
when they move toward each other.
* Divergent boundaries form when plates move apart, and convergent
boundaries form when they move toward each other.
day 44
* Based on physical properties, the Earth has five layers — lithosphere,
asthenosphere, mesosphere, outer core, and inner core.
* The lithosphere is the rigidly solid outer layer of the Earth that consists of
the crust and upper mantle.
* Convection currents in the mantle cause tectonic plates to move.
* Tectonic plates move very slowly, no more than a few centimeters per year.
days 45 & 46
* The movements of tectonic plates can cause rock layers to bend or break.
* When a rock layer breaks and forms two blocks of rock that grind past each
other, the surface where they meet is called a fault.
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List of Big Ideas

day 49
* Many earthquakes and volcanoes are caused by the movements of tectonic
plates.
day 50
* Most earthquakes happen near the edges of tectonic plates because the
moving plates grind against each other.
* Grinding plates can cause rock to change shape and, when it bounces back
to its original shape, energy is released that causes an earthquake.
day 51
* Earthquakes release energy in seismic waves that travel away from the
epicenter in all directions.
day 52
* A volcano is an opening that allows magma and gases to flow out onto
Earth's surface.
day 53
* Magma that contains a lot of water or silicon tends to cause explosive
eruptions.
day 54
* Magma erupts as either lava (liquid) or pyroclastic material (solid).
* Pyroclastic material can range in size from huge boulders to tiny particles of
volcanic ash.
day 56
* Eruptions release large amounts of ash and gases that can block sunlight and
cause global temperatures to drop.
day 57
* Eruptions can cause drastic changes in Earth's surface.
day 58
* Magma often forms near the edges of tectonic plates, where pressure
decreases enough to lower rock's melting point to its current temperature.
* Once formed, magma rises toward the surface because it is less dense than
the surrounding rock.
day 59
* Mid-ocean ridges form at divergent boundaries.
* When ocean crust sinks at convergent boundaries, it releases water that
mixes with the surrounding rock and lowers its melting point.
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Words Students Need to Learn

Inside the Restless Earth contains some important terms that students need to
learn. These words and their meanings are listed in the table below. The first two
columns show when and where each word is introduced. If the word is introduced
during a contrasting case activity, the number indicates the slide on which it is defined,
usually in the notes section. Otherwise, the number refers to a page in the textbook (T).

This table is not intended to be distributed to students. Research shows that it is
not effective to simply give students a list of words and definitions to memorize. Rather,
it is important to introduce each word carefully, making sure students understand the
meaning and can describe it in their own words.

Feel free to revise each definition to include words and ideas that are familiar to
your students. Whenever appropriate, subsequent slides ask students to review these
words and their meanings, and we encourage you to look for additional opportunities to
do so. It is particularly effective to get students to talk about closely related concepts
and identify similarities and differences between them.

day | slide or page word meaning
cologic time | 2 diagram of Earth's history that is divided into
4 T-82 9 9 parts (eons, eras, and periods) based on major
scale :
changes that occurred at those times
4 T-83 extinction the death of every member of a species
a naturally formed solid that contains one or
6 9 rock more minerals or other Earth materials; rocks
are mixtures
a naturally formed, inorganic solid with a
6 9 mineral crystalline structure; minerals are elements or
compounds
7 T-5 native a mineral that is composed of only one element
element P y
silicate minerals that contain both silicon and oxygen;
7 T-6 . usually contain other elements as well; most of
minerals \ . . .
Earth's crust is made of silicate minerals
8 T-8 luster how the surface of a mineral reflects light
8 T-9 streak the color of a mineral in powdered form
9 T-10 hardness a measure of the ability of a mineral to resist
scratching
heaviness-for-size; the ratio of mass to volume;
9 T-10 density a characteristic property of a material; does not
change with sample size
14 2 compacting | to squeeze something into a smaller space
14 2 ce;ngeengltng a chemical that glues stuff together
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day | slide or page word meaning

14 8 fossil a remnant or trace of an or_ganism that is
embedded and preserved in a rock

16 T-36 magma hot, liquid rock that forms when the minerals
that make up a rock change from solid to liquid
igneous rock that forms beneath Earth’s

17 T-38 intrusive surface, where the temperature is very warm
and cooling is slow
igneous rock that forms at or near Earth’s

17 T-39 extrusive surface, where the temperature is cooler and
cooling is fast

24 12 rock cycle a series of processes that causes rocks to
change from one type to another

33 T-33 composition :gikminerals and other materials that make up a
the size, shape, and arrangement of the grains

33 T-34 texture that make up a rock
the rigidly solid outer layer of the Earth that

37 T-99 lithosphere | consists of the crust and the outer edge of the
mantle

38 T-100 tectonic plate one of the pieces into which the lithosphere is
divided

41 7 convection | the circular motion that happens when part of a

current fluid is warmer than the rest

the motion or type of boundary that results

42 5 divergent when convection currents in the mantle push
tectonic plates away from each other
the motion or type of boundary that results

42 5 convergent | when convection currents in the mantle push
tectonic plates toward each other

45 T-114 fault a crack_ in Earth's surface in which two blocks of
rock grind past each other
an opening that allows magma and gases to

52 T-156 volcano flow out onto Earth's surface

53 T-158 magma an underground pool of molten rock that feeds

chamber a volcano
roclastic | 2 solid mgterial that forms when magma shoots
54 T-159 mr/naterial into the air and hardens or when solid rock

shatters because of an explosive eruption
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Compare Time Scales, Part 1

This lesson is the first half of contrasting case activity 3.5, in which students
compare two different kinds of diagrams that depict the Earth’s history.

Big Ideas
* The world we live in gradually emerged over about 4.6 billion years.
* Humans have only existed for a tiny fraction of that time.

Materials

Teacher:
1. slides — dayO1.ppt

Students:
1. table & timeline — worksheets 1 & 2
2. numeric comparison table — worksheet 5

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — cc activity — compare time scales, part 1

Warm-Up Activity

These activities are usually designed to assess and reinforce student
understanding of one or more big ideas from a recent lesson. Some warm-ups
will ask about an idea from eatlier in the unit, particularly when the idea is
important to that day’s lesson. Today’s warm-up is different. Its purpose is to
elicit students’ initial ideas about the ages of Earth and the human race.

Each warm-up is displayed on a separate slide, so it can be displayed as
students enter the room. On each slide, only the questions are displayed
initially. The answers will appear on mouse click or keypress. The notes contain
tollow-up questions you can ask when you go over the warm-up with your
students. The slide and notes for Day 1 are on the next page.

—— CooN|TiON
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Day 1 — Compare Time Scales, Part 1

Warm-Up Activity

How long has Earth existed?
a. thousands of years
b. millions of years
(©) billions of years

About how long have human beings
(Homo sapiens) existed?

(@ thousands of years

b. millions of years

c. billions of years

chulTlou Daily Warm-Up Exercises 2

Tell your students that they are not expected to know the answers to
these questions. The purpose is to elicit their initial ideas. The circles will
appear on keypress, but you might want to wait until the end of the
lesson to reveal the answers.

Compare Time Scales, part 1

Two things make geological time scales hard for students to understand. First,
students are used to historical time lines, which tend to start at the beginning
and move forward. But geological time scales usually start with the present and
move backward into the past. Second, they involve extremely long periods of
time and very large numbers. The numeric scales (table and timeline) will help
students begin to get used to working with large numbers and starting with the
present and moving backward into the past. The proportional scales (clock and
tootball field) will help them interpret the large numbers. Together, the two
sets of time scales will help students begin to understand that the world we live
in gradually emerged over a very long period of time, and that humans have
only existed for a tiny fraction of that time.

3.5 — Time Marches On
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Day 1 — Compare Time Scales, Part 1

Compare Time Scales, part 1 (cont.)
Students compare the numeric scales in part 1 and the proportional scales in
part 2. If your students finish part 1 before the end of the class period, have

them get started on part 2 (described under Day 2).

Compare Time Scales

Contrasting Case Activity 3.5

Inside the Restless Earth, Chapter 3 Section 5

cg(ﬁsléllgmlé Compare Time Scales
INSTRUCTION

Materials needed:
stable & timeline (worksheets 1 & 2)
enumeric comparison table (worksheet 5)

3.5~ Time Marches O CocNITIoN
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Day 1 — Compare Time Scales, Part 1

Compare Time Scales, part 1 (cont.)

Age of Earth

Earth’s history is measured in millions of years.
How much is a million?
1,000 times 1,000
1,000 thousand

Earth was formed about 4,600 million years ago.
How much is 4,600 million?
4,600 times 1,000 times 1,000
4,600 thousand thousand
4,600,000 thousand

Cgélllflou Compare Time Scales 2

The purpose of this slide is to help students begin to comprehend the
very large numbers involved in geologic time scales.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 1 — Compare Time Scales, Part 1

Compare Time Scales, part 1 (cont.)

Humans first appeared about 200,000 years ago.
How much is 200,0007?
200 times 1,000
200 thousand

How does our age compare with Earth’s?

200 thousand _ 200
4,600,000 thousand 4,600,000
2 _ 1 year

~ 46,000 23,000 years

COGNITION Compare Time Scales 3

This slide may help students begin to understand how old Earth is and
how young the human race is by comparison. When you reduce the
fraction comparing our age to Earth’s, you see that, for every year that
humans have existed, Earth has existed for over twenty thousand years.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 1 — Compare Time Scales, Part 1

Compare Time Scales, part 1 (cont.)

Numeric Scale 1 - Table

Dates

Era Period (mya = million years ago) Major Event
Cenozoic Quaternary 1.8 mya to today Modern humans appear (200,000 years ago)
Tertiary 66 to 1.8 mya Dinosaurs become extinct (66 mya)
Cretaceous 146 to 66 mya Rocky Mountains are formed (144 mya)
Mesozoic Jurassic 200 to 146 mya Flowering plants appear (150 mya)
Triassic 251 to 200 mya First dinosaurs (245 mya)
Permian 299 to 251 mya Great Extinction (270 mya)

Pennsylvanian

318 to 299 mya

First reptiles (300 mya)

Mississippian 359 to 318 mya First amphibians (350 mya)
Paleozoic Devonian 416 to 359 mya First insects (400 mya)
Silurian 444 to 416 mya First land animals (420 mya)
Ordovician 488 to 444 mya First land plants (450 mya)
Cambrian 542 to 488 mya First trilobites (540 mya)

Precambrian Time

4,600 to 542 mya

Earliest, bacteria-like life appears (3,500 mya)
Water appears on Earth’s surface (4,000 mya)

Earth is formed (4,600 mya)

chulElou Compare Time Scales 4

Distribute the table and timeline (worksheets 1 & 2). As you do this,
reassure students that they will not be required to memorize all the
information in these diagrams. Much of it will become familiar as they
move through this section, but they won’t be expected to know the
names, dates, and major events of all the eras and periods.

Ask students to look at the table and explain the note at the top of the
Dates column. The note says MYA stands for million years ago. Help
your students understand that all the numbers in this table show how
many millions of years ago something happened. [The numbers match
the numbers used in the textbook. Geologists have since adjusted many
of the period dates. You can find current information at:
http://geosociety.org/science/timescale]

COGNITION
£ SCIENCE
INSTRUCTION
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Day 1 — Compare Time Scales, Part 1

Compare Time Scales, part 1 (cont.)

Complete Column 1

Table Timeline
Where does it say Earth is formed? at the bottom
Where is today? at the top
Which part looks like it lasted longest? paleozoic era
When did precambrian time begin? 4,600 mya
When did precambrian time end? 542 mya

How long did precambrian time last? 4058 million years

When did the paleozoic era begin? 542 mya
When did paleozoic era end? 251 mya
How long did paleozoic era last? 291 million years
When did modern humans appear? 200,000 years ago
COGNITION Compare Time Scales 5
< SCIENCE
INSTRUCTION

Distribute the numeric comparison table (worksheet 5) and have
students work in pairs to complete the first column. [The questions in
the first column are shortened. See the student worksheets for the
complete questions.]

Answers will appear one-by-one on keypress.
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Day 1 — Compare Time Scales, Part 1

Compare Time Scales, part 1 (cont.)

Numeric Scale 2 - Timeline

Quaternary — Modern humans appear 200,000 years ago

Tertiary — Dinosaurs become extinct
Cretaceous — Rocky Mountains are formed
Jurassic — Flowering plants appear
Triassic — First dinosaurs
Permian — Great Extinction
Pennsylvanian — First reptiles
Mississippian — Firstamphibians
Devonian — First insects

Silurian — First land animals
Ordovician — First land plants W {

Cambrian — First trilobites T

‘ : | ‘ | ‘ | ‘ | ‘ ‘ ‘ ‘ ‘ | Period
P ian
T":'e Paleozoic Mesozoic Cenozoic  Era
T ] I I I | I
4,600 542 488 444 416 359 318 299 251 200 146 66 18 Today
million years ago mya mya mya mya mya mya mya mya mya mya mya mya
mya, . . o
(mya) Earth is formed; water appears on Earth ’s surface; earliest, bacteria-ike life appears
COGNITION 6
£: SCIENCE
INSTRUCTION

Ask students to examine the timeline. Ask someone to explain what mya
means, then have them complete the second column of the comparison

table.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 1 — Compare Time Scales, Part 1

Compare Time Scales, part 1 (cont.)

Complete Column 2

Table Timeline
Where does it say Earth is formed? at the bottom at the left
Where is today? at the top at the right

Which part looks like it lasted longest? paleozoic era

paleozoic era

When did precambrian time begin? 4,600 mya 4,600 mya
When did precambrian time end? 542 mya 542 mya

How long did precambrian time last? | 4058 million years | 4058 million years
When did the paleozoic era begin? 542 mya 542 mya
When did paleozoic era end? 251 mya 251 mya

How long did paleozoic era last?

291 million years

291 million years

When did modern humans appear?

200,000 years ago

200,000 years ago

Compare Time Scales

Answers will appear on keypress.

3.5 — Time Marches On
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Day 1 — Compare Time Scales, Part 1

Worksheet 1

Compare Time Scales — Numeric Scale — Table 1

Era Poriod. | les Major Event
BRI Quaternary 1.8 mya to today Modern humans appear (200,000 years ago)
Tertiary 66 to 1.8 mya Dinosaurs become extinct (66 mya)
Cretaceous 146 to 66 mya Rocky Mountains are formed (144 mya)
Mesozoic Jurassic 200 to 146 mya Flowering plants appear (150 mya)
Triassic 251 to 200 mya First dinosaurs (245 mya)
Permian 299 to 251 mya Great Extinction (270 mya)
Pennsylvanian 318 to 299 mya First reptiles (300 mya)
Mississippian 359 to 318 mya First amphibians (350 mya)
Paleozoic Devonian 416 to 359 mya First insects (400 mya)
Silurian 444 to 416 mya First land animals (420 mya)
Ordovician 488 to 444 mya First land plants (450 mya)
Cambrian 542 to 488 mya First trilobites (540 mya)
Earliest, bacteria-like life appears (3,500 mya)
Precambrian Time 4,600 to 542 mya Water appears on Earth’s surface (4,000 mya)
Earth is formed (4,600 mya)

: COGNITION
Chapter 3.5 — Time Marches On IsSIENCE
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Day 1 — Compare Time Scales, Part 1

Worksheet 2

Compare Time Scales — Numeric Scale — Timeline 2

Quaternary — Modern humans appear 200,000 years ago ¢

Tertiary — Dinosaurs become extinct ¢
Cretaceous — Rocky Mountains are formed ¢
Jurassic — Flowering plants appear ¢
Triassic — First dinosaurs e
Permian — Great Extinction ¢
Pennsylvanian — First reptiles ¢
Mississippian — First amphibians ¢
Devonian — First insects
Silurian — First land animals
Ordovician — First land plants

Cambrian — First trilobitesT

[ ] [ ] L ] [ ] [ ] L] IL [ ] =
Precambrian i
Time Paleozoic Mesozoic Cenozoic Era
b d
| [ [ | | | | | [
4,600 542 488 444 416 359 318 299 251 200 146 66 18 Today
million years ago mya mya mya mya mya mya mya mya mya| mya mya mya
(mya)

Earth is formed; water appears on Earth’s surface; earliest, bacteria-like life appears

. COGNITION
Chapter 3.5 — Time Marches On IErIENCE
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Day 1 — Compare Time Scales, Part 1

Worksheet 5

Compare Numeric Time Scales

Table Timeline

Where in the diagram does it say Earth is formed?

Where in the diagram is today?

Look at the three eras and precambrian time.
At first glance, which looks like it lasted longest?

When did precambrian time begin?

When did precambrian time end?

How long did precambrian time last?

When did the paleozoic era begin?

When did the paleozoic era end?

How long did the paleozoic era last?

When did modern humans appear?

Chapter 3.5 — Time Marches O ey
| Chapter35-TimeMarchesOn |
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Compare Time Scales, Part 2

This lesson is the second half of contrasting case activity 3.5, in which students
compare two different kinds of diagrams that depict the Earth’s history.

Big Ideas
* The world we live in gradually emerged over about 4.6 billion years.
* Humans have only existed for a tiny fraction of that time.

Materials

Teacher:
1. slides — day02.ppt

Students:
1. clock & football field — worksheets 3 & 4
2. proportional comparison table — worksheet 6

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — cc activity — compare time scales, part 2

Compare Time Scales, part 2

Students compared two numeric time scales in part 1. In today’s lesson, they
compare two proportional scales. The first portrays Earth’s history as a 24-hour
day. The second portrays it as a 100-yard football field. The comparison of the
clock and field diagrams is followed by a class discussion of differences
between numeric and proportional scales. If your students finish the discussion
before the end of the class period, start section 3.5 of the textbook (see Day 3).

COGNITION
£ SCIENCE
INSTRUCTION

3.5 — Time Marches On




Day 2 — Compare Time Scales, Part 2

Warm-Up Activity

About how long has Earth existed?
Earth has existed for about 4.6 billion
years (or 4,600 million years).

About how long have human beings (Homo
sapiens) existed?
Humans have existed for about
200,000 years.

Cgélllflou Daily Warm-Up Exercises 3

How much is a million?

1000 times 1000

How much is 4.6 billion?
4.6 times 1000 times 1000 times 1000
4,600 times 1000 times 1000
4,600,000 times 1000

How much is 200,000?
200 times 1000

COGNITION
£ SCIENCE
INSTRUCTION
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Day 2 — Compare Time Scales, Part 2

Compare Time Scales, part 2 (cont.)

Proportional Scale 1 - Clock

Precambrian
Time

become extinct — 11:39 pm EN D midnight — today
med - 11:14 pm

morning
7

first trilobites — 9:05 pm
end of precambrian time — 8:58 pm .
Precambrian
Time

afternoon

N Compare Time Scales &

Distribute the clock and football field (worksheets 3 & 4). You may need
to help students understand the clock diagram. The diagram represents
one 24-hour day. It starts at midnight and ends the following midnight.
The small clock shows the first half of Farth’s history, and the large
clock shows the second.

If students need more help with the diagram, have them find the time
they usually get up in the morning, the time they usually leave for school,
the time they usually eat lunch, the time they usually get home, and so
tforth. Once they understand the diagram as it relates to a typical day in
their own lives, have them relate Earth's history to that same typical day.
Some teachers have students color all of precambrian time the same
color.

Distribute the proportional comparison table (worksheet 6), and have
students complete the first column.

SE T s @ CooN|TiON
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Day 2 — Compare Time Scales, Part 2

Compare Time Scales, part 2 (cont.)

Complete Column 1

Clock Football Field

Where does it say Earth is formed? top of small clock

Where is today? top of big clock

Which part looks like it lasted longest? |  precambrian time

Where does precambrian time begin? midnight

Where does precambrian time end? 8:58 pm

How much is precambrian time? 21 of 24 hours

Where does the paleozoic era begin? 8:58 pm

Where does the paleozoic era end? 10:42 pm

How much is the paleozoic era? less than 2 hours

Where do modern humans appear? after 11:59 pm

;.%E%E Compare Time Scales 2

Answers will appear on keypress.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 2 — Compare Time Scales, Part 2

Compare Time Scales, part 2 (cont.)

Proportional Scale 2 - Football Field

Cenozoic Era (98.5 to 100 yds)
Mesozoic Era (95 to 98.5 yds)

yds)
firstland plants (90 yds)
first mmmms (88 yds)
10 20 30 40 50 80 9
earliest, nlctena-hke first amehibians (92 yds)

[10) Tfolanpears first reptiles (93 yds)
=z (ZZp;ds) Great Extinction (94 yds) —— m
o) first dinosaurs (94.5 yds) P4
N ,, paiozoc | | ||
— Precambrian Time (0 to 87yds) Era N
14 (87 to 95) le)
|<£ walar apears an dinosaurs extinct (98.5 yds) — | 2
) Earih's surface Rocky Mountains form (97 yds) m

m TdS) flowering plants appear (96.5 yds) §|—‘

10 20 30 40 50 60 70 80 9

first land animals (90.5 yds)
first insects (91 yds)
arth is formed _“:‘;: "
(0 yards) modem humans appear (99.99 yards) (100 yards)
cgfisléllgh%lé Compare Time Scales 3
£
INSTRUCTION

Have students examine the football field. Use questions to elicit the idea
that both of these scales show that Precambrian time makes up a huge
part of Earth’s history. In comparison, the Cenozoic era’s part is small,
and human history’s is miniscule.

Have students complete the second column of the comparison table.

cosmnou
2 SCIENCE
INSTRUCTION
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Day 2 — Compare Time Scales, Part 2

Compare Time Scales, part 2 (cont.)

Complete Column 2

Clock

Football Field

Where does it say Earth is formed?

top of small clock

start zone (left)

Where is today?

top of big clock

end zone (right)

Which part looks like it lasted longest?

precambrian time

precambrian time

Where does precambrian time begin? midnight 0 yards
Where does precambrian time end? 8:58 pm 87 yards
How much is precambrian time? 21 of 24 hours 87 of 100 yards
Where does the paleozoic era begin? 8:58 pm 87 yards
Where does the paleozoic era end? 10:42 pm 95 yards
How much is the paleozoic era? less than 2 hours 8 of 100 yards
Where do modern humans appear? after 11:59 pm 99.99 yards

CQGMIEIOH Compare Time Scales

Answers will appear on keypress.

3.5 — Time Marches On
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Day 2 — Compare Time Scales, Part 2

Compare Time Scales, part 2 (cont.)

Compare Categories

What can you learn about Earth’s history
from the numeric scales but not from the
proportional scales?
That Earth was formed 4,600 million
years ago.

That it took thousands of millions of years
for plants and animals to appear.

COGNITION Compare Time Scales 5

Because they use numbers, numeric scales can show how many years ago
things happened, and you can figure out how long things lasted or how
long they took.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 2 — Compare Time Scales, Part 2

Compare Time Scales, part 2 (cont.)

Compare Categories

What can you learn from the proportional

scales but not from the numeric scales?
It’s obvious that precambrian time is
longer than all three eras put together

You can easily see how young the
human race is compared to Earth.

You can see how far along in Earth’s
history different things happened.

Cgélllflou Compare Time Scales 6

Tell your students that a proportion involves relating a part to the whole.
Proportional scales make it easy to see how things compare. With the
numeric scales, you can subtract and compare numbers, but it’s difficult
to see how everything fits together.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 2 — Compare Time Scales, Part 2

Compare Time Scales, part 2 (cont.)

Compare Categories

Could you include numeric information in
the clock or football field?
Add the date to each event or time division.

Could you include proportional information
in the table or timeline?
Adjust the size of each box to show how
long that era or period lasted.

Cgélllflou Compare Time Scales 7

Figure 3 on page 82 of the textbook is another example of a numeric
scale. The section review on page 85 contains a proportional scale that is
very similar to the clock on slide 8, except it uses only 12 hours rather
than a full day to depict Earth’s history.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 2 — Compare Time Scales, Part 2

Worksheet 3

Compare Time Scales — Proportional Scale — Clock 3
START midnight — Earth is formed

Precambrian
Time

2:40 am — water appears on Earth’s surface

morning

7 5

end of mesozoic era; dinosaurs become extinct— 11:39 pm midnight — today
Rocky Mountains are formed — 11:14 pm
flowering plants appear — 11:12 pm modern humans appear
earliest, bacteria-like life appears — 520 am end of paleozoic era; first dinosaurs — 10:42 pm SRcn ol
Great Extinction — 10:33 pm 9
first reptiles — 10:24 pm
first amphibians — 10:04 pm
first insects — 9:52 pm
first land animals — 9:46 pm
first land plants — 9:39 pm

6

Paleozoic
Era

first trilobites — 9:05 pm
end of precambrian time — 8:58 pm

Precambrian
Time

afternoon

3.5 — Time Marches O cgﬁs'éﬂh%g
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Day 2 — Compare Time Scales, Part 2

Worksheet 4

Compare Time Scales — Proportional Scale — Football Field

Cenozoic Era (98.5 to 100 yds) e
Mesozoic Era (95 to 98.5 yds)e

first land plants (90 yds)
first trilobites (88 yds)
10 20 30 40 50 60 70 80 9
earliest blcteria-like P Smpletanag o) 4
L Iife’appears first reptiles (93 yds)
zZ (22 yds) Great Extinction (94 yds)—— m
O first dinosaurs (94 .5 yds) e
N . . Paleozoic O
a Precambrian Time (0 to 87 yds) ra o N
o (87 o 95) O
f_t water appears on dinosaurs extinct (98.5 yds) — %
wn Earth’s surface Rocky Mountains form (97 yds)
(11yds) flowering plants appear (96.5 yds)—l
10 20 30 40 50 60 70 80 9
first land animals (90.5 yds)
first insects (91 yds)
g '— today
Earth is formed (100 yards)

(0 yards)

modern humans appear (99.99 yards)

Chapter 3.5 — Time Marches O O IENcE
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Day 2 — Compare Time Scales, Part 2

Worksheet 6

Compare Proportional Time Scales

Clock Football Field

Where in the diagram does it say Earth is formed?

Where in the diagram is today?

Look at the three eras and precambrian time.
At first glance, which looks like it lasted longest?

At what point does precambrian time begin?

At what point does precambrian time end?

How much of the diagram is precambrian time?

At what point does the paleozoic era begin?

At what point does the paleozoic era end?

How much of the diagram is the paleozoic era?

At what point do modern humans appear?

Chapter 3.5 — Time Marches On
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Geologic Time

This lesson covers the first part of section 3.5 (pages 80-81).

Big Ideas
* The world we live in gradually emerged over about 4.6 billion years.
* The Grand Canyon only formed about 10 million years ago, but its rocks
reveal geologic events that happened as many as 1.7 billion years ago.
* Harth’s history is also recorded in fossils.

Materials

Teacher:
1. visualization exercises — day03.ppt

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 3.5a — Zoom
30 minutes — chapter 3.5, part 1

Chapter 3.5, part 1

Part 1 points out that dinosaurs lived in Utah about 150 million years ago,
which seems like a very long time. But 150 million years is just a little more
than 3% of the time Farth has existed. To help your students understand what
this means, ask questions to elicit that 3% is 3 out of 100. So if Earth’s history
were crammed into 100 years instead of 4.6 billion, dinosaurs would have lived
in Utah 3 years ago. The Bellringer on page 80 says that if Earth’s history were
equal to just one year, humans would have appeared yesterday.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 3 — Geologic Time

Warm-Up Activity

What is the difference between numeric and
proportional time scales?
Numeric time scales use numbers to
show how many years ago different things
happened.

Proportional time scales show how
different events compare to the whole of
Earth’s history.

COGNITION Daily Warm-Up Exercises 4

Which type makes it easy to see that humans have only been around for
a tiny fraction of Earth's history?
proportional, like the clock and football-field diagrams

me s Coonte
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Day 3 — Geologic Time

Visualization Exercise 3.5a — Zoom

COGNITION
ISIENCE

Image Comprehension Focus: Zoom

Goal: To reinforce the understanding of what a “zoom” convention
illustrates

Type of Activity: Teacher Guided Student Activity
Overview: This activity is designed to reinforce students’ understanding
of the “zoom” convention by explicitly discussing how zoom can make

things visible which may otherwise be difficult to see.

(Continue to the next slide)

COGNITION
£ SCIENCE
INSTRUCTION
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Day 3 — Geologic Time

Visualization Exercise 3.5a — Zoom (cont.)

P. 81, Figure 2

COGNITION
ISIENCE

Procedure: The teacher has the students open their textbooks to pg. 81
and look at Figure 2. The teacher can also project this image on the slide
shown above. The teacher asks students what the connection is between
each smaller fossil picture and the main picture. The teacher can then
assist students in pointing out that these are fossils that were found in
the rocks of the larger picture.

The teacher then asks, out of all the conventions learned (e.g. captions,
zoom, arrows, color, etc.,) which diagram convention could the author
have used in order to show that the smaller fossil pictures are actually a
part of the main picture?

(Continue to the next slide)

COGNITION
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Day 3 — Geologic Time

Visualization Exercise 3.5a — Zoom (cont.)

P. 81, Figure 2

Figure 2 Well-preserved
plant and animal fossils
are common in the
Green River formation.
Clockwise from the
upper right are a fossil

" leaf, a dragonfly, a fish,
and a turtle.

COGNITION
ISIENCE

Procedure Cont: After the students have had a chance to answer, the
teacher can project the above image and confirm/explain that the zoom
convention would be very valuable in showing the relationship between
the smaller fossil pictures and the larger picture. The teacher can then
reinforce the importance of zoom in being able to point out details that
otherwise are not seen.

(End of Activity)

3.5 — Time Marches On




The Geologic Time Scale

This lesson covers the last part of section 3.5 (pages 82-85).

Big Idea
* Earth’s history is divided into eons, eras, and periods based on major
changes that occurred at those times.

Materials

Teacher:
1. visualization exercises — dayO4.ppt

Students:
1. time scales from Days 1 & 2 — worksheets 1-4

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 3.5b — Relative Scale & Magnification
5 minutes — visualization 3.5c — Captions

25 minutes — chapter 3.5, part 2

Chapter 3.5, part 2

Begin the lesson by having students compare their time scales from the
contrasting case activity with the one on page 82. They should recognize the
scale in the book as a numeric scale. They will probably notice that, instead of
Precambrian Time, the book shows three eons, but they may not notice the
fourth eon, which includes all the eras and periods listed in the cc scales.

P——— COGNITION
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Day 4 — The Geologic Time Scale

Warm-Up Activity

Why is the Grand Canyon important to
geologists?
Because its rocks reveal things that
happened as many as 1.7 billion years
ago, which is almost half of Earth's
history.

Cgélllflou Daily Warm-Up Exercises 5

How old is Earth?
4.6 billion years

According to fossils found in Utah, how long ago did dinosaurs live in
that area?
about 150 million years ago

How does that compare with the age of FEarth?
4.6 billion is 4,600 million; 150 mya is much shorter than 4,600 mya

3.5 — Time Marches On
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Day 4 — The Geologic Time Scale

Visualization Exercise 3.5b — Relative Scale & Magnification

Relative Scale and
Magnification

COGNITION
ﬁmstlillt!

Image comprehension focus: Relative Scale and Magnification

Goal: Expand understanding of scale that visual cues may not accurately
reflect relative size

Type of Activity: Teacher comment

Objective: The purpose of this activity is to help students appreciate
that sometimes the visual cues in an image do not reflect the
relationships between parts of the image. In this case, the visual
conveyed by the timeline does not match the relative size of each time

period.

(Continue to the next slide)

COGNITION
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Day 4 — The Geologic Time Scale

Visualization Exercise 3.5b — Relative Scale & Magnification (cont.)

Figure 3

PHANEROZOIC EON

PROTEROZOIC EON.
ARCHEAN EON

HADEAN EON

COGNITION
ﬁmstlillt!

Procedure: The key goal of this activity is for students to appreciate that
the visual impression of this time line does not match the actual relative
time line.

First the teacher should direct the students to look at fig 3 on page 82
(shown above if the teacher wants to project it). Explain that there is an
extremely long measure of time called an ‘Eon’ which was not covered
during the contrasting case on geologic time.

Next, he/she should direct the students to describe the size of each of
the time eons as drawn in the image [the Proterozoic, Archean, and
Hadean are all about the same size, the Phanerozoic is much larger].

The teacher should then ask the students to estimate the length of each
time period. [The Phanerozoic is 542 million years long, the Proterozoic
is roughly 2450 million years long, the Archean is 1300 million years long
and the Hadean is 800 million years long. These numbers were obtained
by looking at when each eon started and ended]

(End of Activity)

COGNITION
£ SCIENCE
INSTRUCTION
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Day 4 — The Geologic Time Scale

Visualization Exercise 3.5c — Captions

COGNITION
ISIENCE

Image comprehension focus: Captions

Goal: Reinforce the idea that captions can contain critical information
that may not be known by the diagram alone

(Continue to the next slide)

COGNITION
£ SCIENCE
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Day 4 — The Geologic Time Scale

Visualization Exercise 3.5¢ — Captions (cont.)

P. 83, Figure 4

COGNITION
ISIENCE

Procedure: The teacher will have the students turn to p. 83 in the
textbook and read the paragraph underneath the heading “The
Appearance and Disappearance of Species.’

The teacher will then have students close their textbooks and get into
small groups. The teacher then asks each group to write a caption for
Figure 4 (shown above for the teacher to project)

The teacher can then have each group share their caption. After each
group has shared their caption, the teacher has students open their
textbooks again to page 83 and look at the caption for Figure 4.

The teacher can ask about similarities and ditferences between the
caption in the textbook and the caption(s) written by the students, which
can lead to a discussion on what makes a good caption. The teacher
should emphasize the importance of a good caption, and being sure to
read the caption, as the image alone may not contain enough
information.

(End of Activity)

3.5 — Time Marches On




Quiz 1/Reteach/Review

This lesson provides an opportunity for students to review what they’ve
learned about Earth to this point. For some, it may be an opportunity to
understand an idea they didn’t fully grasp the first time around.

Big Idea
See list of big ideas, Days 1-4.

Materials

Teacher:
1. vocabulary list — RE word list.doc
2. list of big ideas — RE big ideas.pdf

Students:
1. Quiz 1

Activities & Allotted Time (40 minutes total)

10 minutes — quiz
10 minutes — go over quiz
20 minutes — reteach/review chapter 3.5

Reteach/Review Chapter 3.5

After going over the quiz and reviewing the meanings of vocabulary words and
the big ideas from days 1-4, use the section review questions on page 85 to
identify areas that need additional attention.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 5 — Quiz 1/Reteach/Review

Quiz 1 —Page 1

1. Which of the following appeared earliest (closest to when Earth was
formed)?
a. dinosaurs
b. humans

@ insects

2. Which of the following appeared most recently (closest to today)?
. dinosaurs
humans
c. insects

3. When was Earth formed?
a. about 200 thousand years ago
b. about 150 million years ago
@ about 4.6 billion years ago

4. When did humans first appear?
@ about 200 thousand years ago
. about 150 million years ago
c. about 4 .6 billion years ago

5. A geologic time scale shows
a. the dates when different fossils were formed
Q when major changes occurred during Earth's history
c. the ages and locations of different layers of rocks

6. Which of the following is the correct order from largest to smallest division of
geologic time?
. eras, periods, epochs, eons
eons, eras, periods, epochs
C. epochs, eons, eras, periods

Inside the Restless Earth I‘:%’él!h”!
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Day 5 — Quiz 1/Reteach/Review

Quiz 1 — Page 2

7. Note to student: We know you didn't learn this, but we want you to try to
answer the question based on the information in the diagram.

Cilia

______ Food ———S
] vacuoles

- Oral_

\

groove
& fo Ll —cen
». NG mouth
s
\\\\
Micronucleus

Macronucleus =8

—_— Contractile — gl
vacuole

(¢) Paramecium

The image on the left is :
a. a magnified version of the object on the right
a drawing of the object on the right
c. a miniature version of the object on the right
d. a different object than the object on the right

8. Whatis extinction, and what can cause it to happen?

Extinction is the death of every member of a species.

It can be caused by major changes in global climate or

ocean currents. Such changes could result from a

sudden event like an asteroid impact or a huge volcanic

eruption.

Inside the Restless Earth :‘“s'éﬂh“c'é
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End-of-Section Survey — 3.5

Directions for Completing Survey Forms

These forms are designed to provide us with information about how teachers are implementing the
module and how specific activities are working in classrooms. The three middle columns are
intended as checkboxes. We'd like you to check one of the three for each activity. You would check
"did as described" if you did that activity as described in the pages listed in the activity column.
Those page numbers usually refer to the overview, which includes suggestions for modifying or
supplementing many Holt passages. So "did as described" would mean you followed our
suggestions. If we don't have any suggestions, the activity column will say "Holt page." For those,
you would check "did as described" if you presented the material as described in the textbook.

The "modified" column is for when you change an activity. This would include activities that you
do as Holt describes instead of following our suggestions. For example, on Day 4, we suggest you
begin the lesson by having students compare their time scales from the contrasting case activity
with the one on page 82. If you decide to teach the section the way you normally do, you would
check "modified" and, under comments, indicate that you followed the text.

did as . .
et d modi- | didn
activity es- | £od | 'tdo comments

cribed

Day 1 Warm-Up
(page 2)

cc 3.5-Compare Time Scales, part 1
(pages 2-12)

Day 2 Warm-Up
(page 14)

cc 3.5-Compare Time Scales, part 2
(pages 13-24)

COGNITION
£ SCIENCE
INSTRUCTION
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End-of-Section Survey — 3.5

activity

did as
des-
cribed

modi-
fied

didn
't do

comments

Day 3 Warm-Up
(page 26)

vis 3.5a—Z.00m
(pages 27-29)

chp 3.5, part 1-Geologic Time
(page 25 & Holt, pages 80-81)

Day 4 Warm-Up
(page 31)

vis 3.5b—Relative Scale
(pages 32-33)

vis 3.5¢c—Captions
(pages 34-35)

chp 3.5, part 2—Geologic Time Scale
(page 30 & Holt, pages 82-85)

Quiz 1
(pages 37-38)

Reteach/Review Chapter 3.5
(page 36)

3.5 — Time Marches On
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Compare Rocks & Minerals

This lesson is contrasting case activity 1.1, in which students compare three
pairs of cards. Each pair includes a mineral and a rock that contains that
mineral. This is the first lesson of chapter 1, Minerals of the Earth’s Crust.

Big Ideas
* Both rocks and minerals are naturally formed solids.
* Minerals are elements or compounds.
* Rocks are mixtures that usually contain minerals.

Materials

Teacher:
1. slides — day06.ppt

Students:
1. description cards — worksheets 7-9
2. data table & Venn diagram — worksheets 10-11

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — cc activity — compare rocks & minerals

Compare Rocks & Minerals

In this activity, students compare three pairs of cards. Each pair shows a
mineral and a rock that contains that mineral or another form of the same
substance. The first pair includes diamond, which is made entirely of carbon,
and coal, which contains organic carbon. The other pairs are calcite-and-
limestone and quartz-and-granite. Students work in groups to enter information
from the cards into a table. The whole class uses the table to compare the three
minerals, and they do the same for the three rocks. The class then completes a
Venn diagram to depict similarities and differences between rocks and minerals.

COGNITION
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Day 6 — Compare Rocks & Minerals

Warm-Up Activity

What’s the difference between a compound
and a mixture?
A compound is made up of elements. A
mixture is made up of elements,
compounds, or both.

The “recipe” for a compound is always
the same, so it has a chemical formula.
The “recipe” for a mixture can vary, so it
doesn’t have a chemical formula.

CPGsléllH%lg Warm -Up Activities 6
&
INSTRUCTION

This is a review of key ideas from Introduction to Matter that will come
into play in today’s activity. Based on a written description, students will
need to decide whether a rock or mineral is an element, compound, or
mixture. This warm-up is designed to help students recognize that, if a
description includes a chemical formula, that item is a compound. If an
item is made up of “varying amounts” of something, it’s a mixture.

There are additional differences that students may identify (e.g.,
compounds are chemically combined; mixtures aren’t), but the answer
on the slide contains the ideas students will need for today’s activity.

COGNITION
1.1 — What is a Mineral? 42 £2 SCIENCE
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

Compare Rocks & Minerals

Contrasting Case Activity 1.1

Inside the Restless Earth, Chapter 1

co'isléﬂmié Compare Rocks & Minerals 1
INSTRUCTION

Materials needed:
ecards (worksheets 7-9)
edata table & Venn Diagram (worksheets 10-11)

COGNITION
1.1 — What is a Mineral? 43 £2 SCIENCE
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

Introduction

In this activity, you will compare three rocks
and three minerals.

What’s the difference between crystalline
and amorphous solids?
In crystalline solids, the particles
are arranged in an orderly pattern.
The particles of amorphous solids
don’t form a pattern.

cpﬁslérilmlé Compare Rocks & Minerals 2
INSTRUCTION

Students may remember this from Introduction to Matter. If your
students seem uncertain about the difference, you might draw particle
models to show the two kinds — one with circles arranged in neat rows,
and the other with circles bunched together in an unorganized blob.

When students complete the data table, they will need to decide whether

each case has a crystalline or amorphous structure. With actual rocks,
they could look for properties like crystal symmetry and cleavage (splits
along smooth surfaces), but those may not be observable in the
photographs. Point out that the particles that make up crystals are
arranged in an orderly pattern. So if a card talks about crystals, students
should identify that rock or mineral as crystalline.

1.1 — What is a Mineral? 44
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Compare Rocks & Minerals (cont.)

Day 6 — Compare Rocks & Minerals

Diamond

color: pale yellow or colorless
common uses: jewelry; tools for cutting
& drilling

Diamond is Qatural solid¥hat is made entrely of carbon. It forms.
when very high Temperalure and pressure cause carbon atoms to

form crystals. It is the hardest mineral on Earth.

density: 3.5 glcc
hardness: 10

Mineral

Examine Cards 1 & 2

What does
“natural solid”
mean?

Coal Rock

A natural solid

man-made.

COGNITION
< SCIENCE
INSTRUCTION

forms

naturally. It’s not

Compare Rocks & Minerals

Coal is Qatural solixnat forms when the buried remains of irees
and ferns ATeexposEd to heat and pressure. It is made mostly of
organic carbon, with varying amounts of sulfur, hydrogen, oxygen,
and nitrogen. Coal has an amorphous structure.

color: black or brownish black density: varies
common uses: fuel; generating electricity type: metamorphic

Distribute the case descriptions (worksheets 7-9) and ask students to
examine the first two (Diamond & Coal). The circles, question, and

answer will appear on keypress.

Diamond Coal Calcite |Limestone| Quartz Granite

Rock or mineral? mineral rock

Naturally formed? yes yes

Organic? no yes

Solid, liquid or gas? solid solid

gr;y::;l::uz:r crystalline |amorphous

Element, compound .

or mixture? element mixture

Predictable density? yes no
COGNITION Compare Time Scales 4
e

Distribute the data table (worksheet 10) and have students work in pairs
to complete the first two columns. Answers will appear on keypress. Tell

your students that some diamonds are organic in origin.

1.1 — What is a Mineral?
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

Mineral

Calcite is a natural solid that is made of calcium carbonate. The
chemical formula for calcium carbonate is CaCO.. Calcite is an
inorganic solid that is noted for its almost perfect cleavage, which .
means that it splits along smooth surfaces. Limestone

Rock

color: colorless or white to tan density: 2.7 glcc
common uses: cement; building hardness: 3
materials; soil treatment

Limestone is a natural solid that forms when the shells of sea
creatures are pressed tightly together. It is made mostly of calcite,
with varying amounts of other minerals like quartz and aragonite.
Limestone has a crystalline structure.
color: white to tan or gray density: varies
common uses: crushed stone; cement; type: sedimentary
building materials

COGNITION Compare Rocks & Minerals 5
e

Ask students to examine the next two cards (Calcite & Limestone), then
work in pairs to complete the next two columns of the data table.

Complete Columns 3 & 4

Diamond Coal Calcite |Limestone| Quartz Granite

Rock or mineral? mineral rock mineral rock

Naturally formed? yes yes yes yes

Organic? no yes no yes

Solid, liquid or gas? solid solid solid solid

Crystalline or crystalline |amorphous | crystalline | crystalline

amorphous? Y P Y Y

Element, compound element mixture | compound | mixture

or mixture? p

Predictable density? yes no yes no
COGNITION Compare Time Scales 6
e

Answers will appear on keypress.

COGNITION
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

Examine Cards 5 & 6

Quartz Mineral

Quartz is a natural solid that is made of silicon dioxide. The
chemical formula for silicon dioxide is SiO,. Quartz forms when
molten rock that contains a ot of silica cools slowly and forms large
crystals.
color: colorless or white density: 2.6 glce
common uses: jewelry; glass; computer  hardness: 7
chips

Granite is a natural solid that forms deep beneath Earth's surface,
‘when molten rock cools and hardens. It is made mostly of quartz
and feldspar, with varying amounts of other minerals like mica.
Granite crystals are often large, smooth, and shiny.
color: usually light pink or gray  density: varies slightly
common uses: building materials; type: igneous
countertops; monuments

Compare Rocks & Minerals 7

COGNITION
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Ask students to examine the last two cards (Quartz & Granite), then
work in pairs to finish the data table.

Complete Columns 5 & 6

Diamond Coal Calcite |Limestone| Quartz Granite
Rock or mineral? mineral rock mineral rock mineral rock
Naturally formed? yes yes yes yes yes yes
Organic? no yes no yes no no
Solid, liquid or gas? solid solid solid solid solid solid
Crystalline or crystalline |amorphous | crystalline | crystalline | crystalline | crystalline
amorphous? Y P Ty Y Y Y
Element, compound element mixture | compound | mixture |compound | mixture
or mixture? P P
Predictable density? yes no yes no yes no
COGNITION Compare Time Scales 8
e

Answers will appear on keypress.

COGNITION
£ SCIENCE
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

List Similarities & Differences

Use the Venn diagram to list things that are the
same and different about minerals and rocks.

These These
things These things
are only things are only
true are true true

about about about
minerals. both. rocks.

Compare Rocks & Minerals 9
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Distribute the Venn diagram (worksheet 11). Have students work in
groups, then share their ideas with the class.

The next slide contains a blank diagram you can use to record ideas your
students all agree on.

COGNITION
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

Class Diagram

Minerals Only / Both Rocks Only \
type ideas here Minerals type ideas here

& Rocks

type ideas here

\- y

COGNITION Compare Rocks & Minerals 10
e

(Click Escape to stop the slide show. After typing in their ideas, click the
slide show icon at the bottom of the window to display the diagram.)

Some ideas your students may come up with:

Same
* both are naturally formed
* both are solids

Ditferent
* minerals are not organic; rocks can be organic or not organic
* minerals are crystalline; rocks can be crystalline or amorphous
* minerals are elements or compounds; rocks are mixtures
* minerals have a predictable density; rocks don’t

COGNITION
1.1 — What is a Mineral? 49 £2 SCIENCE
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

Mineral Make-Up

What makes up each mineral?
Diamond is all carbon.

Calcite is all calcium carbonate.
Quartz is all silicon dioxide.

Are minerals elements, compounds
or mixtures?

Minerals are elements or compounds.

o
<,

o5
3
mE

Compare Rocks & Minerals 1M
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Diamond is an element, and calcite and quartz are compounds.

Rock Make-Up

What makes up each rock?
Coal is mostly organic carbon, plus
varying amounts of other elements.

Limestone is mostly calcite, plus varying
amounts of other minerals.

Granite is mostly quartz and feldspar,
plus varying amounts of other minerals.

What are rocks?
Rocks are mixtures that usually contain
minerals.

cgssléllgmlé Compare Rocks & Minerals 12
INSTRUCTION

At this point, use questions to elicit something like the following:
ROCK -- a naturally formed solid that contains one or more minerals

or other Earth materials; rocks are mixtures

MINERAL -- a naturally formed, inorganic solid with a crystalline

structure; minerals are elements or compounds

1.1 — What is a Mineral? 50
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Day 6 — Compare Rocks & Minerals

Compare Rocks & Minerals (cont.)

Density of a Mineral

Why do minerals have predictable densities?
Minerals are elements or compounds.
Elements and compounds are pure
substances. So every particle of a
mineral is the same and has the same
density.

cgssléllgmlé Compare Rocks & Minerals 13
INSTRUCTION

Use questions to elicit that density is a characteristic property of a
material, which means that it does not change with sample size (volume).

Density of a Rock

Why do the densities of rocks vary?
Rocks are mixtures. The ingredients of a
mixture vary, so one sample will have
different ingredients than another. The
density of a rock depends on the
densities of its ingredients.

cgssléllgmlé Compare Rocks & Minerals 14
INSTRUCTION

Tell students that rocks are like chocolate-chip cookies. Some have more
chocolate chips than others. Some have nuts, and others don’t. The
density of a cookie depends on its ingredients.

1.1 — What is a Mineral? 51
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Day 6 — Compare Rocks & Minerals

Worksheet 7
Compare Rocks & Minerals 7
Diamond Mineral

Diamond is a natural solid that is made entirely of carbon. It forms
when very high temperature and pressure cause carbon atoms to
form crystals. It is the hardest mineral on Earth.

color: pale yellow or colorless density: 3.5 g/cc
common uses: jewelry; tools for cutting hardness: 10
& drilling

Coal - Rock

Coal is a natural solid that forms when the buried remains of trees
and ferns are exposed to heat and pressure. It is made mostly of
organic carbon, with varying amounts of sulfur, hydrogen, oxygen,
and nitrogen. Coal has an amorphous structure.

color: black or brownish black density: varies
common uses: fuel; generating electricity type: metamorphic
Chapter 1 — Mi Is of the Earth's Crust COStiENCE
apter 1 — Minerais or the carin's Crus INSTRUCTION
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Day 6 — Compare Rocks & Minerals

Worksheet 8
Compare Rocks & Minerals 8
Calcite Mineral

Calcite is a natural solid that is made of calcium carbonate. The
chemical formula for calcium carbonate is CaCO;. Calcite is an
inorganic solid that is noted for its almost perfect cleavage, which
means that it splits along smooth surfaces.

color: colorless or white to tan density: 2.7 g/cc

common uses: cement; building hardness: 3
materials; soil treatment

Limestone POy (L Rock

Limestone is a natural solid that forms when the shells of sea
creatures are pressed tightly together. It is made mostly of calcite,
with varying amounts of other minerals like quartz and aragonite.
Limestone has a crystalline structure.

color: white to tan or gray density: varies
common uses: crushed stone; cement; type: sedimentary
building materials

: COGNITION
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Day 6 — Compare Rocks & Minerals

Worksheet 9

Compare Rocks & Minerals B

Quartz

Mineral

Quartz is a natural solid that is made of silicon dioxide. The
chemical formula for silicon dioxide is SiO,. Quartz forms when
molten rock that contains a lot of silica cools slowly and forms large

crystals.
color: colorless or white density: 2.6 g/cc
common uses: jewelry; glass; computer hardness: 7
chips
Granite Rock

Granite is a natural solid that forms deep beneath Earth’'s surface,
when molten rock cools and hardens. It is made mostly of quartz
and feldspar, with varying amounts of other minerals like mica.
Granite crystals are{ often large, smooth, and shiny.
color: usually light pink or gray density: varies slightly
common uses: building materials; type: igneous
countertops; monuments

: COGNITION
Chapter 1 — Minerals of the Earth's Crust I»‘-xSCIENCE
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Day 6 — Compare Rocks & Minerals

Worksheet 10

Compare Rocks & Minerals

10

Diamond

Coal

Calcite

Limestone

Quartz

Granite

What is it?
(rock or mineral)

Is it naturally formed?
(i.e., not man-made)

Is it organic?
(i.e., comes from living things)

What is its state?
(solid, liquid, or gas)

What kind of structure does it have?
(crystalline or amorphous)

What kind of substance is it?
(element, compound, or mixture)

Does it have a predictable density?

Chapter 1 — Minerals of the Earth’s Crust

1.1 — What is a Mineral?

55

COGNITION
£ SCIENCE
INSTRUCTION



Day 6 — Compare Rocks & Minerals

Worksheet 11

Compare Rocks & Minerals 11

/" Minerals Only -
Both Minerals & Rocks Rocks Only

COGNITION
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What is a Mineral?

This lesson covers the first section of chapter 1 (pages 4-7).

Big Idea
* A mineral is a naturally formed, inorganic solid that has a definite
crystalline structure.

Materials

Teacher:
1. visualization exercises — dayO7.ppt

Students:
1. mineral cards from cc 1.1 — worksheets 7-9

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
3 minutes — visualization 1.1a — Color
2 minutes — visualization 1.1b — Relative Scale
3 minutes — visualization 1.1c — Arrows
2 minutes — visualization 1.1d — Labels
5 minutes — visualization 1.1e — Labels
20 minutes — chapter 1.1 — What is a Mineral?

Chapter 1.1
Page 4 defines mineral as a naturally formed, inorganic solid that has a definite
crystalline structure. Write that definition on the board and ask students to
explain each segment in their own words. For example:

naturally formed — not man-made

inorganic — doesn’t come from living things

solid — not liquid or gas

crystalline — particles are arranged in a pattern
Use questions to help students understand that, if a mineral changes state, it is
no longer a mineral. For example, gold is an element whether it is solid, liquid,
or gas. But it is only a mineral when it is solid. Similarly, liquid water, ice, and
water vapor are all compounds, but only ice is a mineral.

COGNITION
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Day 7 — What is a Mineral?

Chapter 1.1 (cont.)

Page 5 defines a native element as a mineral that is composed of only one
element. Have students examine their mineral cards (worksheets 7-9) and see if
they can locate a native element. [Diamond]

Page 6 explains that silicate minerals contain both silicon and oxygen. They
usually contain other elements as well. All other minerals are classified as
nonsilicate minerals. Tell your students that the chemical symbol for silicon is
Si, and ask them to examine their mineral cards and classify each as silicate or
nonsilicate. Diamond contains only carbon, so it’s nonsilicate. Calcite (CaCO?3)
is also nonsilicate because it contains oxygen but not silicon. Quartz (Si02)
contains both silicon and oxygen, so it’s a silicate.

Warm-Up Activity

What’s the same about rocks and minerals?
Both are naturally formed, which
means they’re not man-made. Both
are solids, which means they’re not
liquids or gases.

What’s different about rocks and minerals?
Minerals are elements or compounds.
Rocks are mixtures.

cpﬁsléllgmlé Daily Warm-Up Exercises 7
INSTRUCTION

Additional differences:
* minerals are not organic; rocks can be organic
* minerals are crystalline; rocks can be crystalline or amorphous
* minerals have a predictable density; rocks don’t

COGNITION
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Day 7 — What is a Mineral?

Visualization Exercise 1.1a — Color

Color

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Color

Goal: To understand the role that colors may play in diagrams

Type of Activity: Teacher Guided Student Activity

Overview: The purpose of this activity is to emphasize the point that
many times the different colors being used in diagrams can indicate
different pieces of information that may be critical when trying to

understand the diagram.

(Continue to the next slide)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1a — Color (cont.)

Figure 2 When atoms of sodium
(purple) and chlorine (green) join,
they form a compound commonly
known as rock salt, or the mineral

halite.
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Procedure: The teacher has students look at Figure 2 on page 5 (also
shown on the above slide if the teacher wants to project it).

The teacher asks students (either individually or in small groups):

Why are some of the atoms shown in one color (purple) and some are
another color (green) [to show the difference between the sodium atoms
and the chlorine atoms]

How is the color blue used in this diagram? (aside from the words
‘Figure 2’ being in blue) [blue is being used to show the way in which the
atoms are joined to form the compound]

The teacher should then ask students to share their answers and gives
the correct answers if needed. The teacher should explain that while
sodium and chlorine atoms are not actually purple and green, the author
has chosen to use different colors in order to distinguish between the

COGNITION
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Day 7 — What is a Mineral?

Visualization Exercise 1.1a — Color (cont.)

different types of atoms. Additionally, the teacher needs to explain that
there are not actually blue lines in between the atoms, but that this
convention has been used in order to illustrate the point of the atoms
being joined to form the compound. The teacher should emphasize that
sometimes different colors in diagrams are used to show different pieces
of information that can be important when trying to understand the
diagram overall.

(End of Activity)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1b — Relative Scale

Relative Scale

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Relative Scale

Goal: To reinforce the understanding of relative scale

Type of Activity: Teacher Guided Student Activity

Overview: This activity is designed to reinforce students’ understanding
of relative scale and that sometimes images depicted in diagrams are
shown as much larger than they actually appear in real life in order to

show detail that would otherwise be difficult to see.

(Continue to the next slide)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1b — Relative Scale (cont.)

T ED Composition of the Mineral Gold !

The mineral gold is composed of gold atoms
arranged in a crystalline structure.

b o Crystals of the
A < mineral gold

The arrangement
of gold atoms

The shape

CoGNITION of a gold crystal
2. SCIENCE
INSTRUCTION

Procedure: The teacher asks students to look at Figure 3 on page 5 of
their textbooks (shown above if the teacher wants to project it). The
teacher asks students about how large they believe the gold atoms to be?

The teacher explains that the gold atoms are actually very small in
relation to the actual crystals of the mineral gold shown in the image on

the right.

(If students have already completed the Introduction to Matter unit, the
teacher may remind students about the relative scale exercises about

atoms).
(End of Activity)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1c — Arrows

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Arrows

Goal: To show one of the ways in which arrows may be used in a
diagram

Type of Activity: Teacher Guided Student Activity

Overview: This activity is designed to show students one way in which
arrows are used in diagrams. In this case, it is emphasized that the way
this diagram uses arrows is not typical, and may therefore be unfamiliar
and even confusing to students.

(Continue to the next slide)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1c — Arrows (cont.)

[:TUIcED Composition of the Mineral Gold ,

The mineral gold is composed of gold atoms

arranged in a crystalline structure. 3

+

b ’3@?5{@3

b . Crystals of the
A mineral gold

The arrangement
of gold atoms

The shape

COGNITION of a gold crystal
2. SCIENCE
INSTRUCTION

Procedure: The teacher asks students to again look at Figure 3 on p. 5
of their textbooks (again shown above if the teacher wants to project it).
The teacher asks students to pay particular attention to the arrows. The
teacher then asks the students, what role do the arrows play in the
diagram? [That there is a relationship between the three images.]

This may be difficult to answer as students may be more familiar with
arrows being used to show a process. They may guess that the images
show a change from one state to another. The teacher should
emphasize the point that while arrows are often used to show a process,
this is not necessarily the case, and that assumptions should not be made
when arrows are seen as a part of a diagram.

The teacher may then ask students, rather than having arrows, what
diagram convention might the author have used to show that the
pictures on the left are a very small piece of the picture on the right?
[zoom]

(Continue to next slide)
COGNITION
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Day 7 — What is a Mineral?

Visualization Exercise 1.1c — Arrows (cont.)

COGNITION
ISIENCE

ZTUICED Composition of the Mineral Gold

The mineral gold is composed of gold atoms
arranged in a crystalline structure.
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The arrange
of gold atoms

The shape
of a gold crystal

Procedure: The teacher can then project the above slide that illustrates
how the author may have used the zoom convention to show that the
picture of the gold crystals on the right are made up of the other pictures
and that the arrows are not showing an actual process, but rather a

relationship.

(End of Activity)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1d — Labels

COGNITION
ﬁmstlillt!

Image comprehension focus: Labels

Goal: To illustrate and explain two types of labels that are common in
diagrams.

Type of Activity: Teacher guided student activity
Objective: The point of this activity is to illustrate two types of labels,
(naming and explanatory), that students may come across in diagrams

and the purpose of each type of label.

(Continue to the next slide)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1d — Labels (cont.)

XY Common Silicate Minerals

Quartz is the basic building
block of many rocks.

Feldspar minerals are
the main component
of most rocks on the
Earth’s surface.

Mica minerals
separate easily into
sheets when they
break. Biotite is one W'
of several kinds of
mica.

COGNITION
ﬁmstlillt!

Procedure: First, the teacher should have students take a look at Figure
4 on page 6 of their textbooks. The teacher first tells the students to pay
close attention to the words in bold (Quartz, Feldspar, and Mica). The
teacher explains that these words are naming labels, as they indicate what
each image is, or the name of each individual mineral.

The teacher then has the students look at the rest of the words next to
each naming label and explains that these are explanatory labels because
they explain something about the image.

The teacher can then ask the students: What do these minerals have in
common? [they are all silicate minerals] How do you know? [the
information is in the title]

The teacher should then emphasize the importance of paying close
attention to all three pieces of information (naming labels, explanatory
labels, and title) when looking at diagrams, and the way in which each
can convey important details about the image.

(End of Activity)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1e — Labels

COGNITION
ISIENCE

Image comprehension focus: Labels

Goal: Reinforce the idea that different types of labels can contain
different pieces of critical information that may not be known by the
diagram alone

Type of Activity: Teacher guided student activity

(Continue to the next slide)
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Day 7 — What is a Mineral?

Visualization Exercise 1.1e — Labels (cont.)

Native elements 4, 5§ Oxides are compounds that
3 form when an element, such y

as aluminum or iron, combines 4 g«-‘%

chemically with oxygen. Oxide

minerals are used to make

abrasives, aircraft parts, and

paint
Carbonates are minerals that Sulfates [ NG
contain combinations of carbon Q’W
and oxygen in their chemical 2By
structure. We use carbonate ¢ > PR ‘*ﬁ""f

minerals in cement, building -
stones, and fireworks. Calcite

Halides Sulfides are minerals that
contain one or more elements,
such as lead, iron, or nickel,

combined with sulfur. Sulfide &

minerals are used to make L ¢
batteries, medicines, and Galena
electronic parts.

COGNITION
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Procedure: The teacher should first have students open their textbooks
and take two minutes to look at Figure 5 on page 7. Students should
then close their textbooks and the teacher can project the altered Fig 5
shown above. Then, either individually or in small groups, answer the
following questions (which should be difficult to do because of the
missing information):
* Native elements are minerals that are . [composed of only one
element]
* Sulfates are minerals that contain ___and ____. [sulfur and oxygen]
* The example of the oxide shown in Fig 5 is called
[Corundum]
* Fluorite, which is shown above, is part of the class of nonsilicate
materials known as . [Halides]
* What do all of the minerals above have in common? [They are all
examples of nonsilicate minerals]
The teacher then has students open their books again to Fig 5 on page 7
and again try to answer the questions. The teacher reviews the correct
answers and emphasizes the importance of different types of labels.

(End of Activity)
COGNITION
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Identifying Minerals

This lesson covers the first half of section 1.2 (pages 8-9).

Big Idea
* Properties like luster, streak, cleavage, and fracture can be used to identify
minerals.

Materials

Teacher:
1. visualization exercises — day08.ppt

Students:
1. mineral samples & streak plates from Holt materials kit

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity

5 minutes — visualization 1.2a — Labels

5 minutes — visualization 1.2b — Captions
25 minutes — chapter 1.2, parts 1 through 4

Chapter 1.2, parts 1 through 4

Distribute the mineral samples from the Holt kit and encourage students to
identify properties of the samples as they work through this section. When they
learn about luster, for example, they can see that galena and pyrite are both
metallic, and calcite and feldspar are vitreous.

Distribute the streak plates when students reach that section. When you get to
the section on cleavage and fracture, rather than having students break up their
mineral samples, have them compare each sample with the cleavage and
tracture descriptions in the table on pages 210 and 211.

COGNITION
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Day 8 — Identifying Minerals

Warm-Up Activity

A native element cannot be a silicate mineral.

Is the above statement true or false?
Explain your thinking.

True, because native elements contain
only one element, and silicate minerals
contain at least two (silicon & oxygen).

cpﬁsllllzhmé Daily Warm-Up Exercises 8
INSTRUCTION

What is a mineral?
a naturally formed, inorganic solid that has a definite crystalline
structure

Is the compound H,O a mineral?
It depends. Ice is a mineral, but liquid water and water vapor aren’t
minerals.
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Day 8 — Identifying Minerals

Visualization Exercise 1.2a — Labels

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Labels

Goal: To understand the importance of reading naming labels when
looking at a diagram.

Type of Activity: Teacher Guided Student Activity

Overview: The purpose of this activity is to emphasize the importance
of naming labels in diagrams.

(Continue to the next slide)
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Day 8 — Identifying Minerals

Visualization Exercise 1.2a — Labels (cont.)

bright, reflective Resinous

plastic

Vitreous
glassy, 4

brilliant/‘;ft; y

Waxy Pearly Earthy

dull, reflective [ greasy, g creamy rough, ¢
o oily > dull X

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher has students open their textbooks and take two
minutes to look over Figure 1 on page 8. The teacher then has the
students close their textbooks, and projects the above image of Figure 1,
page 8 (with certain labels missing). The teacher then asks students to
categorize each type of luster as being either Metallic, Submetallic, or
Nonmetallic. This may be difficult to do as this information is missing
from the above version of Figure 1.

After reviewing the students’ answers, the teacher has the students open
their textbooks again to Figure 1 on page 8 and again categorize the
types of luster. The teacher then reviews the correct answers,
emphasizing the importance and usefulness of reading the labels when
looking at a diagram.

Additional Teacher Comment: The teacher can ask the students why
some of the words (labels) are in bold and others are not. The teacher
can explain that the words in bold are the terms that would normally be
used by the geologists, while the other words are used to describe those
terms to people who may not be familiar with such terms.

(End of Activity)
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Day 8 — Identifying Minerals

Visualization Exercise 1.2b — Captions

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Captions

Goal: To reinforce the importance of captions.

Type of Activity: Teacher Guided Student Activity

Overview: This activity is designed to emphasize the importance of
reading captions when looking at diagrams and how captions often
contain critical information that otherwise may be missed when not

reading the caption.

(Continue to the next slide)
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Day 8 — Identifying Minerals

Visualization Exercise 1.2b — Captions (cont.)

Please read the following
paragraph taken from p. 9

Different types of minerals break in
different ways. The way a mineral
breaks is determined by the
arrangement of its atoms. Cleavage
is the tendency of some minerals to
break along smooth, flat surfaces.
Figure 3 shows the cleavage patterns
of the minerals mica and halite.

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher projects the above slide of a paragraph taken
from page 9 of the textbook and gives students a couple of minutes to

read the paragraph.

(Continue to the next slide)
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Day 8 — Identifying Minerals

Visualization Exercise 1.2b — Captions (cont.)

Mica breaks easily p
into distinct sheets

Halite breaks at 90°
angles in three directions.
v

]
LY

COGNITION
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After the students have read the paragraph, the teacher projects the
above image of Figure 3 from p. 9 (without a caption).

The teacher then has students (either individually or in small groups),
write what they believe to be a good caption for Figure 3.

After the students have shared their own captions, the teacher then has
students open their textbooks to page 9 in order to see the caption used
by the author for Figure 3.

The teacher can then lead a discussion about the similarities and
differences between the caption used by the author and the captions
created by the students, emphasizing the point that captions often will
contain information that is critical in being able to understand a diagram
and should not be overlooked.

(End of Activity)

1.2 — Identifying Mineral 77 ‘%’éﬂh‘%’é
.Z — 1den n REHEIS o
ifying Miner INSTRUCTION



More Properties of Minerals

This lesson covers the rest of section 1.2 (pages 10-11) and includes a quick lab.

Big Idea
* Properties like hardness and density, and special properties like magnetism
and radioactivity can be used to identify minerals.

Materials

Teacher:
1. visualization exercises — day09.ppt

Students:
1. penny
2. pencil

3. mineral samples from Holt materials kit

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity

5 minutes — visualization 1.2c — Captions
10 minutes — quick lab — Scratch Test — page 10
20 minutes — chapter 1.2, parts 5 through 7

Chapter 1.2, parts 5 through 7

From their study of Introduction to Matter, students should recall density as
heaviness-for-size, or the ratio of mass to volume. They should also remember
that density is a characteristic property of a material, which means it does not
change with sample size. In other words, if we were to determine the density of
one of the galena samples in the Holt kit, we should get roughly the same
number for all the other galena samples.

COGNITION
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Day 9 — More Properties of Minerals

Warm-Up Activity

What is luster?
How a surface reflects light. For
example, metallic surfaces are bright
and reflective.

What is streak?
The color of a mineral in powdered
form. It can be found by rubbing a
sample against a streak plate.

(gﬁsﬂllzhog Daily Warm-Up Exercises 9
INSTRUCTION

Why are properties like luster and streak useful?
They can be used to identify minerals.

After students complete today's scratch-test quick lab, ask:

What would happen if the sample were harder than the streak plate?
It would scratch the streak plate and leave a white streak of powdered
porcelain.
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Day 9 — More Properties of Minerals

Visualization Exercise 1.2c — Captions

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Captions

Goal: To show how captions may be used to convey important
information in a diagram.

Type of Activity: Teacher Guided Student Activity

Overview: This activity is designed to show students how captions can
be used to convey important information in diagrams.

(Continue to the next slide)
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Day 9 — More Properties of Minerals

Visualization Exercise 1.2c — Captions (cont.)

[{ITCEP Mohs Hardness Scale

. 0 ™€ i k?
A mineral's number . ’ 3—x 5 3 /5'
indicates its relative 1 1 , :

hardness. The scale | By 2 3 4™ 5

ranges from 1, which

is the softest, to 10, Talc Gypsum Calcite Fluorite Apatite
which is the hardest.

A mineral of a given

hardness will scratch | A‘ 0 =

any mineral that is %
7}

softer than it is. L 7.
6 u® 7 g8 ™ 9 ¥ 10 ¥

Orthoclase Quartz Topaz Corundum Diamond

COGNITION
ﬁmstlillt!

Procedure: The teacher asks students to open their textbooks to page 10
and look at Figure 5 (shown above if the teachers wants to project it).
Note — students can read along in their books if the projected text is
difficult to read.

* The teacher then asks the following questions:

* The softest mineral shown in Figure 5 is [Talc]

* The hardest mineral shown in Figure 5 is [Diamond]

* Quartz is softer/harder than Orthoclase. [hardet]

* True or False? Apatite is harder than Fluorite, but not as hard as
Topaz. [True]

The teacher reviews the answers with students, asking what pieces of
information they used from the diagram in order to answer the
questions. The teacher points out that without the caption, it would be
difficult to tell what role the numbers play in this particular diagram.
Likewise, without the numbers, it would be difficult to understand the

scale.
(End of Activity)
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Quiz 2/Reteach/Review

This lesson provides an opportunity for students to review what they’ve
learned so far. For some, it may be an opportunity to understand an idea they
didn’t fully grasp the first time around.

Big Ideas
See list of big ideas, Days 1-9.

Materials

Teacher:
1. vocabulary list — RE word list.doc
2. list of big ideas — RE big ideas.pdf

Students:
1. Quiz 2

Activities & Allotted Time (40 minutes total)

10 minutes — quiz
10 minutes — go over quiz
20 minutes — re-teach/review chapter 1.1 and 1.2

Reteach/Review Chapter 1.1 and 1.2

After going over the quiz and reviewing the meanings of vocabulary words and
the big ideas from days 1-9, use the section review questions on pages 7 and 11
to identify areas that need additional attention.

COGNITION
£ SCIENCE
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Day 10 — Quiz 2/Reteach/Review

Quiz 2 — Page 1

1. What does a proportional time scale show?
a. How many years ago different events occurred.
b. The locations at which different events occurred.
@ How different parts of Earth's history compare to the whole.

2. Which of the figures below most closely represents changes in life on
earth over time?

TODAY TODAY TODAY
Humans appear Dinosaurs disappear Humans appear
Dinosaurs disappear ~Humans appear ~Dinosaurs disappear
~Dinosaurs appear ~Dinosaurs appear Dinosaurs appear

Earliest,

bacteria-like

life appears
Earliest. Earliest.
bacteria-like bacteria-like
life appears life appears

EARTH FORMS EARTH FORMS EARTH FORMS
a b

3. Which of the following is true about both rocks and minerals?
a. Both can be elements or compounds.
Both are solids, and neither is man-made.
c. Both can be organic or inorganic.

4. What type of structure does a mineral have?
() crystalline
D. amorphous
c. can be crystalline or amorphous

5. What type of structure does a rock have?
a. crystalline
b. amorphous
can be crystalline or amorphous

Inside the Restless Earth Ic: Rﬂ:’é
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Day 10 — Quiz 2/Reteach/Review

Quiz 2 — Page 2

6. Which property measures the ability of a mineral to resist scratching?
. density
hardness
c. luster

7. Note to student: We know you didn't study this recently, but we want you
to try to answer the question based on the information in the diagram.

e m—— P ———

/

—
=

Boyle's Law: The volume of a gas is inversely proportional
to its pressure. That is, if the pressure increases, the
volume decreases. Similarly, the volume would increase if
the pressure decreased.

According to the above model of Boyle’s Law, if one were to increase the
volume of a gas, the pressure of the gas would
(a) decrease
b. increase
c. remain the same
d. increase, then decrease

8. Name and describe two properties that can be used to identify minerals.

Streak is the color of a mineral in powdered form.

Luster is how the surface reflects light. Hardness is

the ability to resish scratching. Density is heaviness-

for-size, or the ratio of mass to volume.

Inside the Restless Earth co%ﬂhoc'g
INSTRUCTION
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Mineral Formation

This lesson covers part 1 of section 1.3 (pages 12-13).

Big Idea
* A mineral’s properties are determined by how it forms and what it is made

of.

Materials

Teacher:
1. visualization exercises — dayl1l.ppt

Students:
1. mineral samples from Holt materials kit

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 1.3a — Zoom and Labels
30 minutes — chapter 1.3, part 1 — The Formation of Minerals

Chapter 1.3, part 1

Most of the information in part 1 is conveyed through the figure that spans
pages 12 and 13. Distribute the sample minerals and have students find each
sample in the figure. Biotite is a form of mica, which is listed in two places,
under metamorphic rocks and plutons. Calcite also has two listings, under
metamorphic rocks and limestones. To help students begin to understand the
connection between formation and properties, encourage them to speculate
about how each environment may have resulted in the properties of the
samples. Accept all ideas at this point, and tell students they’ll learn more about
formation processes in chapter 2.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 11 — Mineral Formation

Warm-Up Activity

DEVAR

What is the Mohs scale?
It ranks the hardness of minerals on a
scale from 1 (softest) to 10 (hardest).

What’s the same and different about
cleavage and fracture?
Both have to do with how a mineral
breaks. Cleavage forms smooth, flat
surfaces. Fracture results in curved or
irregular surfaces.

COGNITION Daily Warm-Up Exercises 10
|I|“s IENCE

How can you tell if one mineral is harder than another?

Try to scratch one with the other. The one that leaves a mark is
harder.

What determines how a mineral will break?
the arrangement of its atoms or molecules

1.3 — Formation, Mining, & Use of Minerals 86
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Day 11 — Mineral Formation

Visualization Exercise 1.3a — Zoom and Labels

Zoom and Labels

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Zoom and Labels

Goal: To understand the use of the zoom convention and the
importance of labels in diagrams

Type of Activity: Teacher guided student activity

Overview: This exercise is designed to show students one way in which
the zoom convention can be used, as well as illustrate how labels can
contain important information that otherwise would be missed when
looking at a diagram.

(Continue to the next slide)

COGNITION
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Day 11 — Mineral Formation

Visualization Exercise 1.3a — Zoom and Labels (cont.)

Pages 12 & 13

COGNITION
ISIENCE

Procedure: The teacher asks students to open their textbooks to pages
12 and 13 (shown above so that the teacher can also project it). Next,
the teacher asks students, either individually or in small groups, to point
out the following conventions in the above diagram:
* Examples of naming labels [e.g. Metamorphic Rocks, Limestones, Plutons]
* Examples of the zoom convention [The six circles or bubbles shown]
* Examples of explanatory labels [The words under the naming labels]
The teacher asks the students to share their answers and provides the correct
answers/additional examples as necessaty.

The teacher should then ask the students about the relationship(s)
between the naming label, zoom bubble and explanatory labels. That is,
the zoom bubble can illustrate by use of a picture the thing being
described which otherwise is unable to be seen. The explanatory label
may explain something about this picture and it is given a name by the
naming label. More specifically, Metamorphic Rock is naming the type
of rock, while the words underneath are explaining the process that leads
to this type of rock. The zoom bubble involved is showing a picture of
a metamorphic rock that is otherwise unable to be seen in the diagram.

(End of Activity)

COGNITION
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Mining & Use of Minerals

This lesson covers the rest of section 1.3 (pages 14-17).

Big Ideas
* Reclamation reduces the harmful effects of mining by returning land to its
original condition after mining is completed.

Materials

Teacher:
1. visualization exercises — day12.ppt

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 1.3b — Cut-Away and Zoom
5 minutes — visualization 1.3c — Labels

25 minutes — chapter 1.3, parts 2 through 4

COGNITION
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Day 12 — Mining & Use of Minerals

Warm-Up Activity

Day 12

All minerals form deep underground.

Is the above statement true or false?
Explain your thinking.
False. Some minerals form on or near
Earth’s surface.

What do a mineral’s properties depend on?

A mineral’s properties are determined by
how it forms and what it is made of.

10N Daily Warm-Up Exercises 1

What is density?
heaviness-for-size; the ratio of mass to volume; a characteristic
property of a material

COGNITION
£ SCIENCE
INSTRUCTION
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Day 12 — Mining & Use of Minerals

Visualization Exercise 1.3b — Cut-Away and Zoom

Cut-Away and Zoom

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Cut-Away and Zoom

Goal: 1) To understand the use of the cut-away convention when
looking at certain diagrams, and 2) to further understand the use of
zoom

Type of Activity: Teacher Guided Student Activity
Overview: This activity is designed to show students how the cut-away
convention can be helpful to use in certain diagrams as well as reinforce

understanding of the zoom convention.

(Continue to the next slide)
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Day 12 — Mining & Use of Minerals

Visualization Exercise 1.3b — Cut-Away and Zoom (cont.)

COGNITION
ISIENCE

Procedure: The teacher has the students open their textbooks to page
15 and has them look at Figure 2 (shown above if the teacher wants to
project it).

The teacher asks the students what type of perspective they believe this
diagram to be and what this type of perspective is trying to represent.
The teacher then discusses how this is a cut-away (2D) perspective and
that this perspective is being used in order to show the different types of
passageways that are used for subsurface mining (that otherwise would
be difficult to see). Itis important for the teacher to emphasize that this
type of perspective is a representation of what these passageways may
look like and that diagrams can often represent complex features in a
more simplified manner by using certain conventions such as this type of
cut-away.

(Continue to the next slide)
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Day 12 — Mining & Use of Minerals

Visualization Exercise 1.3b — Cut-Away and Zoom (cont.)

COGNITION
ISIENCE

The teacher then has students pay particular attention to the picture in
the circle on the right hand side of the diagram.

The teacher asks the students why the author has chosen to use that
bigger circle as part of the diagram. Then, depending on students’
answers, the teacher can explain that the author has chosen to use this
type of zoom feature in order to show something that would otherwise
be difficult to see. In this case, the zoom bubble shows the actual
miners and the machinery being used inside the passageways depicted in
Figure 2.

The teacher can also point out that the zoom convention used in this
particular diagram allows the students to actually see the type of
information being given from the caption.

(End of Activity)

COGNITION
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Day 12 — Mining & Use of Minerals

Visualization Exercise 1.3¢c — Labels

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Labels

Goal: To further emphasize the importance of labels in diagrams
Type of Activity: Teacher Guided Student Activity

Overview: This exercise is designed to reinforce the point that labels
should not be skipped when looking at a diagram because they often

contain critical information which may not be known by simply looking
at the picture.

(Continue to the next slide)

1.3 — Formation, Mining, & Use of Minerals 94 cgﬁsﬂﬂﬂ
.3 — Formation, Mining, & Use of Minerals £
9 INSTRUCTION




Day 12 — Mining & Use of Minerals

Visualization Exercise 1.3c — Labels (cont.)

{1} Some Materials Used in the Parts of a Bicycle

Spokes

COGNITION
ﬁmstlillt!

Procedure: The teacher shows students the above (altered) image of
Figure 3 from page 16. The teacher advises students, either individually
or in small groups, to use information from the diagram in order to
answer the following questions (which should be difficult to do because
of the missing labels):

* Titanium from ilmenite was used in order to make the on
the bike. [handlebars]

* The spokes are made out of from . [iron, magnetite]

* The pedals are made of beryllium from . [beryl]

* The is made of aluminum from . [frame, bauxite]

The teacher then asks students by show of hands if anyone was able to
answer the above questions.

(Continue to the next slide)
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Day 12 — Mining & Use of Minerals

Visualization Exercise 1.3c — Labels (cont.)

ok i
Handlebars /V: &M ~p
titanium from / . Frame

ilmenite / & aluminum from

bauxite

Spokes
iron from
magnetite

Pedals
beryllium
from beryl

COGNITION
ISIENCE

The teacher then projects the original image of Figure 3, pg. 16 (or has
students turn to page 16 in their textbooks) and now has students
answer the same questions.

The teacher then reviews the correct answers, emphasizing, as in
previous exercises, that labels can contain critical information that
otherwise would not be known simply by looking at the picture.

(End of Activity)

COGNITION
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End-of-Section Survey — Chapter 1

activity

did as
des-
cribed

modi-
fied

didn't
do

comments

Day 6 Warm-Up
(page 42)

cc 1.1-Compare Rocks & Minerals
(pages 41-56)

Day 7 Warm-Up
(page 58)

vis 1.1a—Color
(pages 59-61)

vis 1.1b—Relative Scale
(pages 62-63)

vis 1.1c—Arrows
(pages 64-66)

vis 1.1d—Labels
(pages 67-68)

vis 1.1e—Labels
(pages 69-70)

chp 1.1-What is a Mineral?
(page 57-58 & Holt, pages 4-7)

Day 8 Warm-Up
(page 72)

vis 1.2a—I.abels
(pages 73-74)

vis 1.2b—Captions
(pages 75-77)

chp 1.2, parts 1-4
(page 71 & Holt, pages 8-9)

1.3 — Formation, Mining, & Use of Minerals
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End-of-Section Survey — Chapter 1

activity

did as
des-
cribed

modi-
fied

didn't
do

comments

Day 9 Warm-Up
(page 79)

vis 1.2c—Captions
(pages 80-81)

quick lab — Scrazch Test
(Holt page 10)

chp 1.2, parts 5-7
(page 78 & Holt, pages 10-11)

Quiz 2
(pages 83-84)

Reteach/Review Chp. 1.1 & 1.2
(page 82)

Day 11 Warm-Up
(page 86)

vis 1.3a—Zoom & Labels
(pages 87-88)

chp 1.3, part 1
(page 85 & Holt, pages 12-13)

Day 12 Warm-Up
(page 90)

vis 1.3b—Cut-Away & Zoom
(pages 91-93)

vis 1.3c—Labels
(pages 94-96)

chp 1.3, parts 2-4
(page 89 & Holt, pages 14-17)

1.3 — Formation, Mining, & Use of Minerals
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Trilobite Hunter

This lesson is the first half of contrasting case activity 2.2, in which students
compare the formation of two igneous rocks. The activity opens with a brief
description of Earth’s interior and a story/video about hunting trilobite fossils
in the Grand Canyon.

Big Ideas
* There is heat and pressure inside the Earth, and they get more and more
extreme the deeper you go.
* The Grand Canyon only formed about 10 million years ago, but its rocks
reveal geologic events that happened as many as 1.7 billion years ago.
* Igneous rocks form when molten rock cools and hardens.

Materials

Teacher:
1. slides — day13.ppt
2. Grand Canyon Video, part 1

Students:
1. story — worksheet 12
2. igneous cards & comparison table — worksheets 13 & 14
3. granite & pumice samples from the Holt kit
4. hand lenses

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — cc activity — compare rock formation, part la

Compare Rock Formation, part 1a

In today's activity, students will compare the formation of two igneous rocks.
On Day 14, they will compare the formation of two sedimentary rocks. On
Day 23, they will compare the formation of two metamorphic rocks, and on
Day 24, they will use the comparison tables for all three rock types to
investigate and depict the rock cycle.

221 Rock 99 CoehITIoN
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Day 13 — Trilobite Hunter

Warm-Up Activity

DEVAK

What’s the difference between rocks and
minerals?
Minerals are elements or compounds;
rocks are mixtures.

Minerals are inorganic; rocks can be
organic or inorganic.

Minerals are crystalline; rocks can be
crystalline or amorphous.

10N Daily Warm-Up Exercises 12

Answers will appear separately on keypress.

Can you name the three rock types?
igneous, metamorphic, & sedimentary

Tell students that, for the next few days, they will be focusing on igneous
& sedimentary rocks.

2.2 — Igneous Roc IﬁéTRUCHON



Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

Compare Rock Formation, Part 1

Contrasting Case Activity 2.2

Inside the Restless Earth, Chapter 2

Cgélllflou Compare Rock Formation, Part 1 1

Materials needed:
*Trilobite Hunter story (worksheet 12)
*Grand Canyon Videos, parts 1 & 2
egranite & pumice samples from the Holt kit
esandstone & limestone samples, if you have them
*hand lenses
erock formation cards (worksheet 13 & 15)
ecomparison tables (worksheets 14 & 16)

STUDENTS WILL NEED THESE TABLES FOR CONTRASTING
CASE ACTIVITY 2.4 ON DAY 24.

COGNITION
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

Cross Section of Earth

Inner Core:
solid
4700°C to 4800°C
3 to 4 million times SP

Outer Core:
liquid
3450°C to 4700°C
1 to 3 million times SP

Mantle:

upper (outer) part = rigid solid
lower part = soft (plastic) solid
1200°C to 3450°C

32,000 to 1 milliontimes SP
Crust:

rigid solid

‘ temperature can reach 1200C

NCE pressure is up to 32,000 times surface pressure (SP)

The purpose of this slide is to help students begin to appreciate the
conditions of extreme heat and pressure that exist deep underground.
The information will appear line-by-line on keypress, starting with the
crust and moving toward the center of the Earth. At each level, ask your
students to make predictions about state of matter, temperature, and
pressure.

The upper part of the mantle is rigidly solid like the crust. The lower part
is a soft solid that flows very slowly. It's called a plastic solid, and it
behaves a lot like Silly Putty.

Students don’t need to memorize the numbers, but they need to
understand that there is heat and pressure inside the Earth, and they get
more and more extreme the deeper you go. They will learn more about
the inside of Earth in chapter 4.
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

Trilobite Hunter

COGNITION Compare Rock Formation, Part 1 3

Distribute the Trilobite Hunter story (worksheet 12) and have students
read it. [A longer version of the story is displayed in slides 4 through 9,
in case you want to go through the text as a group.]

Your students may recall that trilobites were listed in the time scales they
worked with in cc 3.5. Tell them trilobites were hard-shelled creatures
similar to lobsters and crabs. They first appeared more than 500 million
years ago and are now extinct. There were thousands of different kinds
of trilobites, and they ranged in size from really tiny to over two feet
long. Most were about an inch long.

Tell students that there are some places where it’s easy to find lots of
different kinds of rocks. The Grand Canyon is one of those places,
because you can see rock layers there that are over a billion years old.
Tell them that, in the story, the friend’s rock is called pumice. We’re
going to go find some pumice in the Grand Canyon and try to figure out
why the friend’s rock doesn’t have a trilobite fossil.

At this time, show Grand Canyon Video, part 1, then proceed to slide 10
to begin the hands-on portion of the activity.
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

The next six slides provide a slightly longer version of the Trilobite Hunter
story, in case you want to go through the text as a group. If you use the printed
version, skip to slide 10 to begin the hands-on portion of the activity.

2.2 — Igneous Rock

Rock Hunt

Imagine you are on a field trip to a local
quarry with your school. The teacher
asks everybody to find the coolest rock
they can and bring it back to her.

You and your friend go to opposite sides
of the quarry. You both find rocks at the
same time and you wave to each other.

COGNITION Compare Rock Formation, Part 1 4

Your friend brings back a
rock that is really light and
has a lot of tiny holes.

You bring back a grey rock
marked with what looks like
a picture of a bug.

104
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

Trilobite Fossil

Your teacher says,“That’s a
trilobite fossil. You can sell
that on the internet for a lot
of money.”

Your friend says, “l want one
too. Where should | look?”

The teacher answers, “If you want to find
fossils, you have to know how rocks form and
what kinds of rock have fossils in them.”

10N Compare Rock Formation, Part 1 6

Your students may recall that trilobites were listed in the time scales they
worked with in cc 3.5. Tell them trilobites were hard-shelled creatures
similar to lobsters and crabs. They first appeared more than 500 million
years ago and are now extinct. There were thousands of different kinds
of trilobites, and they ranged in size from really tiny to over two feet
long. Most were about an inch long.
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

2.2 — Igneous Rock

Questions

Throughout this chapter, see if you can
figure out the answers to these questions:

*What kinds of rocks are likely to
contain fossils?

*Where should you look for trilobite
fossils?

10N Compare Rock Formation, Part 1 7

Where to Look

There are some places where it's easy to
find lots of different kinds of rocks. The
tallest mountains and deepest canyons are
both great places to look.

The Grand Canyon is a really great place to

look, because it has rock layers that are
over a billion years old.

COGNITION Compare Rock Formation, Part 1 8
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

Pumice

Your friend's rock is
called pumice.

Let’s go find some pumice in the Grand
Canyon and see if we can figure out why your
friend's rock doesn't have a trilobite fossil.

Cgéullglou Compare Rock Formation, Part 1 9

At this time, show the Grand Canyon Video, part 1.

When the video is finished, proceed to the next slide to begin the hands-

on portion of the activity.

2.2 — Igneous Rock
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

After reading the story, students watch a video that introduces the Grand
Canyon as an ideal place for finding all kinds of rocks. The video ends by
introducing two igneous rocks commonly found in the Grand Canyon, pumice
and granite. At this point, students begin the hands-on portion of the activity.

How to use a Hand Lens

Hold the hand lens so the big circle is very
close to your eye. Bring the rock closer and
closer to the lens until it pops into focus.

Try the same thing with the smaller circle.
The magnification is stronger, but you can
only focus on part of the rock at a time.

Holding the lens close to your eye will take
full advantage of its magnifying power.

cgﬁsléllgmlé Compare Rock Formation, Part 1 10
INSTRUCTION

Distribute the hand lenses and rock samples. Demonstrate how to use a
hand lens and give your students a few minutes to practice.
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

Granite e A, !

large crystals that are easily visible without a hand lens.

other monuments. Granite does not contain fossils.

Granite forms wneools and hardens. This happens when

magma is trapped unGETgroUNad. The temperature there is very wam, so
the magma hardens slowly. This slow cooling results in the formation of

Granite makes up a large portion of Earth’s crust and mountain ranges.
Itis very hard and longasting, so it is often used for headstones and

Examine Cards 1 & 2

Igneous

What is molten rock?

melted rock

Pumice Igneous

Pumice forms wheuls and hardens. This happens when
a volcano erupts and [averexplodes into the air. The temperature there
is very cool, so the lava hardens qmck\y. This fast Cﬂmlng results in the
formation of tiny pieces of volcanic glass.

Pumice also contains tiny holes that were once gas bubbles in foamy
lava. The holes make it so light that some can even float in water. The
volcanic glass makes pumice useful as an abrasive in skin soaps and
household cleaners. Pumice does not contain fossils.

Cgéulglou Compare Rock Formation, Part 1 1

Distribute the igneous formation cards (Granite & Pumice, worksheet
13). The circles, question, and answer will appear on keypress.

Encourage students to compare their rock samples with the pictures and

descriptions on the cards.

2.2 — Igneous Rock
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

Distribute the igneous comparison table (worksheet 14). Have students
work in groups, then share ideas with the class. The next slide shows the

Compare Igneous Cases

Question Same Different
case 1 = grar"te Use this Grmmdsethis
column for column for
inforr_nation information
case 2 = pumice Howdoosthe | 88 | o1 about one but
rocks. not the other.
Fill in the table by .
entering information
from the paragraphs P i
result from umice —
to answer each this process?
question.
cgﬁsléllgmlé Compare Rock Formation, Part 1 12

completed table for the two igneous rocks.

Igneous Rock Formation

Question Same Different
Granite — hardens slowly
They both form underground, where it
How does the rock | when molten is very warm
form? rock cools and |Pumice — hardens quickly in
hardens. the air, where it is cool
Granite — has large
crystals and is very
What features They don't hard
result from this contain fossils. . . .
process? Pumice — has tllny pieces
of volcanic glass and
is very light
conunen

Answers will appear separately on keypress.

2.2 — Igneous Rock
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Day 13 — Trilobite Hunter

Compare Rock Formation, part 1a (cont.)

How do igneous rocks form?
Igneous rocks form when
molten rock cools and
hardens.

What do you think the word
“igneous” means?
Igneous comes from the
Latin word ignis, which
means fire.

10N Compare Rock Formation, Part 1

granite

pumice

“Igneous”

If your students need help with the second question, ask if they can
think of any words that are similar, then ask what those words mean. For
example, ignite means to light a fire. Ignition is the system that provides

the spark in an internal-combustion engine.

Tell your students that igheous rocks got their name because people
used to think volcanoes were caused by fire inside the Earth.

2.2 — Igneous Rock 111
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Day 13 — Trilobite Hunter

Worksheet 12

Compare Rock Formation, Part 1 12

Trilobite Hunter

Imagine your class is on a field trip to a local quarry. The teacher
asks everybody to find the coolest rock you can and bring it back to
her. You and your friend go to opposite sides of the quarry.

Your friend brings back a rock that
hardly weighs anything and is full of
tiny holes. You bring back a gray rock marked with what looks like a
picture of a bug.

Your teacher says, “That's a trilobite fossil. You can sell that rock on
the internet for a lot of money.”

Your friend says, “Where can | find a trilobite fossil?”

The teacher answers, “if you want to find fossils, you have to know
about how rocks form and where rocks that contain fossils are likely
to be found.”

Throughout this chapter, see if you can figure out the answers to
these questions:

* What kinds of rocks are likely to contain fossils?

* Where should you look for trilobite fossils?

: : COGNITION
Chapter 2 — Rocks: Mineral Mixtures I»'-.\vSCIENCE
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Day 13 — Trilobite Hunter

Worksheet 13

Compare Rock Formation, Part 1 13

Granite Igneous

Granite forms when molten rock cools and hardens. This happens when
magma is trapped underground. The temperature there is very warm, so
the magma hardens slowly. This slow cooling results in the formation of
large crystals that are easily visible without a hand lens.

Granite makes up a large portion of Earth’s crust and mountain ranges.
Itis very hard and long-lasting, so it is often used for headstones and
other monuments. Granite does not contain fossils.

Pumice Igneous

Pumice forms when molten rock cools and hardens. This happens when
a volcano erupts and lava explodes into the air. The temperature there
is very cool, so the lava hardens quickly. This fast cooling results in the
formation of tiny pieces of volcanic glass.

Pumice also contains tiny holes that were once gas bubbles in foamy

lava. The holes make it so light that some can even float in water. The
volcanic glass makes pumice useful as an abrasive in skin soaps and
household cleaners. Pumice does not contain fossils.

: : COGNITION
Chapter 2 — Rocks: Mineral Mixtures I--.ASCIENCE
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Day 13 — Trilobite Hunter

Worksheet 14

Compare Rock Formation, Part 1

Igneous — Granite & Pumice

Question

Same

Different

How does
the rock
form?

Granite —

Pumice -

What
features
result from
this
process?

Granite —

Pumice -

Chapter 2 — Rocks: Mineral Mixtures
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Compare Formation

This lesson is the second half of contrasting case activity 2.2. The activity opens
with a brief return to the Trilobite Hunter story, and students watch a video
segment that introduces the two sedimentary rocks they will compare today.

Big Ideas

* There is heat and pressure inside the Earth, and they get more and more
extreme the deeper you go.

* The Grand Canyon only formed about 10 million years ago, but its rocks
reveal geologic events that happened as many as 1.7 billion years ago.

* Igneous rocks form when molten rock cools and hardens.

* Sedimentary rocks form when particles settle and get compacted and
cemented together.

Materials

Teacher:
1. slides — day14.ppt
2. Grand Canyon Video, part 2

Students:
1. sedimentary cards & comparison table — worksheets 15 & 16
2. sandstone & limestone samples, if you have them
3. hand lenses

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — cc activity — compare rock formation, part 1b

Compare Rock Formation, part 1b

On Day 13, students compared the formation of two igneous rocks. In today's
activity, they will compare the formation of two sedimentary rocks. On Day 23,
they will compare the formation of two metamorphic rocks, and on Day 24,
they will use the comparison tables for all three rock types to investigate and
depict the rock cycle.
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Day 14 — Compare Formation

Warm-Up Activity

If you could tunnel deep underground, what would you find?
There is heat and pressure inside the Earth, and they get more and

DEVAK:

How do igneous rocks form?
Igneous rocks form when molten rock
cools and hardens.

If an igneous rocks has very large crystals,
what can you conclude?
The molten rock was probably
underground, where heat made the
rock cool slowly.

Cgéullglou Daily Warm-Up Exercises 13

more extreme the deeper you go.

What is magma?
molten rock when it is underground

What is lava?
molten rock when it comes to the surface

2.2 — Igneous Rock
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Day 14 — Compare Formation

Compare Rock Formation, part 1b

Tell your students that we’re now going to look at another type of rock,

Return to Trilobite Hunter

Why doesn’t your
friend’s rock have a
trilobite fossil?

The rock is pumice, which is an igneous rock.
Igneous rocks are made of molten rock, which
is much too hot to preserve organisms.

COGNITION Compare Rock Formation, Part 1 1

called sedimentary.

At this time, show the Grand Canyon Video, part 2.

2.2 — Igneous Rock
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Day 14 — Compare Formation

Compare Rock Formation, part 1b (cont.)

Examine Cards 3 & 4

Sandstone Sedimentary What does
S s r s s manies 10 SQE€ZE SOMething

up. Owve new layers form on top of old layers, squeezing and
QMo g sand in the bottom layers. A chemical called a H

A et bk the grebe of sand togeiner into a smaller space

Because the remains of plants and animals often settle along with

grains of sand, sandstone often contains fossils. Its color depends on
what it is made of. A lot of sand is mostly quartz, which is clear or white.

But some sand is sand is black or gray because it contains a lot of

volcanic rock crysta\s. E
Limestone

What is a :
“Cementlng agent”? Limestone forms when the remains of sea crealuresgnd

cemented together. When these organisms die, their shel

Sedimentary

carbonate, which acts as Gementing agenDhat holds the pieces
together.

a chemical that Eompacing Eh'!":*ezzri'::.(:’5?5:::2%‘25:3:
nerting 2D
g I u eS Stu ff tog eth e r Because it is made from shell pieces, limestone often contains fossils.

Its color depends on what it is made of. Calcium carbonate is white, but
limestone usually contains sand and mud as well, so it is often tan.

Ask students to examine the next two rock formation cards (Sandstone
& Limestone, worksheet 13). The circles, questions and answers will
appear on keypress.

If you have samples of sandstone and limestone, encourage students to
compare them with the pictures and descriptions on the cards.
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Day 14 — Compare Formation

Compare Rock Formation, part 1b (cont.)

Compare Sedimentary Cases

Question Same Different

Sandstone —

case 1 = sandstone Use this Use this
column for column for
. information information
case 2 = limestone Howdoesthe | ihatistrue | - thatis true
about both | about one but
rocks. not the other.

Fill in the table by
entering information
from the paragraphs  |wnatsatres

result from

Sandst

to answer each tisprocess? e
question.
cgﬁsléllgmlé Compare Rock Formation, Part 1 3

Distribute the sedimentary comparison table (worksheet 16). Have
students work in groups, then share ideas with the class. The next slide
shows the completed table for the two sedimentary rocks.
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Day 14 — Compare Formation

Compare Rock Formation, part 1b (cont.)

Sedimentary Rock Formation

Question

Same

Different

How does the
rock form?

Both form when
particles settle in

layers and get
compacted an

cemented together.

d

Sandstone — the particles
are grains of sand

Limestone — the particles
are pieces of shell

What features
result from
this process?

Both often contain

fossils. Color

depends on what

it's made of.

Sandstone — is often clear,
but volcanic rock can
make it black or gray

Limestone — is often white,
but sand or mud can
make it tan

Answers will appear separately on keypress.

2.2 — Igneous Rock
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Day 14 — Compare Formation

Compare Rock Formation, part 1b (cont.)

How do sedimentary rocks form?
Sedimentary rocks form when
particles settle in layers, then
get compacted and cemented
together.

What do you think the word

“sedimentary” means?
Sedimentary comes from the
Latin word sedimentum,
which means settled.

COGNITION Compare Rock Formation, Part 1

“Sedimentary”

sandstone

limestone

Students may have heard of sediments, although they may not know
exactly what they are. Sediments are particles that settle and pile up over
time. Settle means come to rest. If you stir sugar into iced tea, the sugar
that doesn’t dissolve will gradually settle at the bottom of the glass.
Sedimentary rocks got their name because most are made from particles

that settle.

2.2 — Igneous Rock
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Day 14 — Compare Formation

Compare Rock Formation, part 1b (cont.)

Compare Processes

Look at your igneous table. Based on these two
rocks, how do igneous rocks form?
Igneous rocks form when molten rock cools
and hardens. This process can happen
slowly or quickly.

Look at your sedimentary table. Based on these

two rocks, how do sedimentary rocks form?
Sedimentary rocks form when particles
settle in layers, then get compacted and
cemented together.

Cgélllflou Compare Rock Formation, Part 1 6

Make sure your students understand that sedimentary layers pile up over
time, and that the squeezing and compacting that turns particles into
rock is caused by the weight of all the layers pressing down on the oldest
particles at the bottom.
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Day 14 — Compare Formation

Compare Rock Formation, part 1b (cont.)

The next slide provides some pictures of different kinds of fossils.

2.2 — Igneous Rock

Compare Properties

What properties result from igneous formation?
Igneous rocks don't contain fossils.

What properties result from sedimentary
formation?
Sedimentary rocks often contain fossils.
Their color depends on what they're
made of.

Cgélllflou Compare Rock Formation, Part 1 7
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Day 14 — Compare Formation

Compare Rock Formation, part 1b (cont.)

Fossils
. ) 'J iy

Dinosaur |
Worm Footprints
Trail

10N Compare Rock Formation, Part 1 8

A fossil is a remnant or trace of an organism that is embedded and
preserved in a rock. The top three examples are body fossils, which are
the preserved remains of organisms. The bottom two are trace fossils,
which are the preserved impressions an organism made on its
environment. Body fossils tell us about an organism itself. Trace fossils
tell us about an organism’s behavior.

Additional information:

* Dawn Redwood -- a cone-bearing tree that lived about 30 million
years ago

* Trilobite -- a hard-shelled marine organism that lived about 550
million years ago; there were thousands of different kinds of
trilobites

* Fish -- a fish that lived about 140 million years ago

* Worm Trail -- trace left by a worm crawling in mud

* Dinosaur -- trace left by a dinosaur near a tropical seashore,
between 112 and 100 million years ago
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Day 14 — Compare Formation

Worksheet 15

Compare Rock Formation, Part 1

Sandstone Sedimentary

Sandstone forms when grains of sand get compacted and cemented
together. When a river carrying sand slows, the sand settles and piles
up. Over time, new layers form on top of old layers, squeezing and
compacting the sand in the bottom layers. A chemical called a
cementing agent that holds the grains of sand together.

Because the remains of plants and animals often settle along with
grains of sand, sandstone often contains fossils. Its color depends on
what it is made of. A lot of sand is mostly quartz, which is clear or white.
But some sand is sand is black or gray because it contains a lot of
volcanic rock crystals.

Limestone Sedimentary

Limestone forms when the remains of sea creatures get compacted and
cemented together. When these organisms die, their shells settle and
pile up. Over time, new layers form on top of old layers, squeezing and
compacting the pieces in the bottom layers. Shells are made of calcium
carbonate, which acts as a cementing agent that holds the pieces
together.

Because it is made from shell pieces, limestone often contains fossils.
Its color depends on what it is made of. Calcium carbonate is white, but
limestone usually contains sand and mud as well, so it is often tan.

: : COGNITION
Chapter 2 — Rocks: Mineral Mixtures '«scl:uc:
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Day 14 — Compare Formation

Worksheet 16

Compare Rock Formation, Part 1

Sedimentary — Sandstone & Limestone

Question Same Different
Sandstone —
How does
the rock Limestone —
form?
Sandstone —
What
features
result from Limestone —
this
process?

Chapter 2 — Rocks: Mineral Mixtures

16
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Quiz 3/Reteach/Review

This lesson provides an opportunity for students to review what they’ve
learned so far. For some, it may be an opportunity to understand an idea they
didn’t fully grasp the first time around.

Big Ideas
See list of big ideas, Days 1-14.

Materials

Teacher:
1. vocabulary list — RE word list.doc
2. list of big ideas — RE big ideas.pdf

Students:
1. Quiz 3

Activities & Allotted Time (40 minutes total)

10 minutes — quiz
10 minutes — go over quiz
20 minutes — reteach/review chapter 1.3

Reteach/Review Chapter 1.3

After going over the quiz and reviewing the meanings of vocabulary words and
the big ideas from days 1-14, use the section review questions on page 17 and
the chapter review questions on pages 20-21 to identify areas that need
additional attention.
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Day 15 — Quiz 3/Reteach/Review

mixture) as a rock?
a. oxygen
b. carbon dioxide
© air

. Which property can be used to identify a mineral?

a. size
b. weight
@ heaviness-for-size

. A mineral’s properties are determined by

(a) how it forms and what it is made of
b. whether it is organic or inorganic
c. how pureitis

. Returning the land to its original condition after mining is completed is

called )
a. excavation
b. surface mining
(© reclamation

. Minerals are

a. elements only .
b. compounds only
@ either elements or compounds

. Minerals that have shiny surfaces, do not let light pass through them, and

are good conductors of heat and electricity are called
(a) metallic minerals
b. nonmetallic minerals
c. gemstones

N
C

T
E

Inside the Restless Earth (ocs NC
STRUCTION

Quiz 3 —Page 1

. Which substance is the same type of matter (element, compound, or

ION
E

2.2 — Igneous Rock

128

£ SCIENCE

INSTRUC



Day 15 — Quiz 3/Reteach/Review

Quiz 3 — Page 2

7. Note to student: We know you didn't learn this, but we want you to try to
answer the question based on the information in the diagram.
b o8

L
—
oy

£

In the above diagram of air tanks, what does the image inside the larger circle
represent?
(a) a magnified version of the tank's contents
b. a view of objects that are not part of the tank's contents
c. alife-size view of the tank's contents
d. a miniature view of the tank’s contents

8. How do igneous rocks form?

Igneous rocks form when molten rock cools and

hardens. This process happens slowly when magma

hardens deep underground and quickly when lava

hardens on Earth's surface.

Inside the Restless Earth ‘°°s'éIEh°c'£
INSTRUCTION
COGNITION
2.2 — Igneous Rock 129 c-s‘?-z.SCIENCE

INSTRUCTION



Origins & Properties of Igneous Rock

Because students will better understand the significance of the rock cycle after
learning about the processes that form igneous, sedimentary, and metamorphic
rocks, we are postponing the first section until the end of the chapter. This
lesson covers the first two parts of section 2.2 (pages 36-37).

Big Ideas
* Igneous rocks form when molten rock cools and hardens.

* Magma forms when solid rock melts.

Materials

Teacher:
1. visualization exercises — day16.ppt

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity

5 minutes — visualization 2.2a — Arrows & Color

5 minutes — visualization 2.2b — Cut-Away, Arrows & Captions
25 minutes — chapter 2.2, parts 1 & 2

Chapter 2.2, parts 1 & 2

Page 36 explains that magma forms when a rock melts, and that this can
happen when temperature rises, when pressure drops, or when the
composition of the rock changes. To help students understand this, today’s
warm-up includes a question about melting point and reviews the Introduction
to Matter quick lab in which students found that reducing pressure lowers the
boiling point of water. Similarly, increasing the pressure increases the boiling
point. Tell your students that the same is true for melting point. Decreasing the
pressure decreases the melting point and increasing the pressure increases the
melting point. This is true for rocks as well as for water. [Note to teacher: The
relationship between melting point and pressure also depends on how much
water a rock contains.]

221 Rock 130 ‘%’éﬂh‘%’é
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Day 16 — Origins & Properties of Igneous Rock

Chapter 2.2, parts 1 & 2 (cont.)

Point out that rocks don't have a single melting point. There is a temperature at
which they begin to melt, but they must reach a higher temperature before they
completely change to liquid. Ask your students to describe the conditions that
exist deep underground. They should recall that the inside of Earth is
characterized by extreme heat and pressure that get more extreme the deeper
you go. Use questions to elicit the idea that extreme pressure can keep a rock
from melting, but if it gets moved to a shallower depth, the pressure will
decrease, which will lower the melting point and causes it to begin to melt.

Warm-Up Activity

DEVAIG

What is melting point?
The temperature at which a solid changes
to a liquid or a liquid changes to a solid.

Imagine you have a syringe that contains

warm water. If you seal the tip and pull out

on the plunger, what will happen?
bubbles will form; the water will boil

cgfisléllgh%lé Daily Warm-Up Exercises 14
INSTRUCTION

What makes the water boil?
Pulling out on the plunger reduces the pressure inside the syringe.
Reducing pressure lowers the water’s boiling point, so it boils at a
lower temperature.
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Day 16 — Origins & Properties of Igneous Rock

Visualization Exercise 2.2a — Arrows & Color

Arrows and Color

COGNITION
2. SCIENCE
INSTRUCTION

Image Comprehension Focus: Arrows and Color

Goals: 1) To illustrate one way in which arrows can be used in a
diagram, and 2) To illustrate one way in which color can be used in a
diagram

Type of Activity: Teacher Guided Student Activity

Overview: This activity is designed to show one way in which arrows
and colors can be used to depict certain information in diagrams, and
that it is important to pay attention to conventions such as arrows and
colotrs, as these conventions can illustrate ideas that would not otherwise
be understood.
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Day 16 — Origins & Properties of Igneous Rock

Visualization Exercise 2.2a — Arrows & Color (cont.)

Fig 1, pg. 36

[T P The Formation of Magma

\ Composition When fluids
. such as water combine with

W _ rock, the composition of the

S Ry rock changes, which lowers

the melting point of the rock
enough to melt it.

Temperature A rise in
temperature can cause
the minerals in a rock to
melt. Different melting
points cause some min-
erals to melt while other

Pressure The high pres-
minerals remain solid.

sure deep inside the
Earth forces minerals to
remain solid. When hot

rock rises to shallow .
depths, the pressure in .
the rock is released, and  EeEE——— Bl

the minerals can melt. i e

COGNITION
ﬁmstlillt!

Procedure: The teacher has students turn to Figure 1 on page 36 of their
textbooks (shown above if the teacher wants to project it).

The teacher asks students: What do the arrows represent in the
diagram? [The arrows represent the change of state during the
formation of magma.] Note: The teacher may also want to emphasize
that in this particular diagram, it is not enough to look only at the
arrows, but that the explanatory labels are of particular importance as
well. For example, with Temperature, the label talks about a “rise in
temperature” even though the arrow is pointed downwards which could
be confusing to students unless they read the label.

Why is each arrow a different color? [Each arrow is a different color in
order to illustrate the three distinct factors that are part of the magma
formation.] The teacher can emphasize that it is not the actual color that
is of particular importance, but the fact that there are different colors,
representing three different factors.

(End of Activity)
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Day 16 — Origins & Properties of Igneous Rock

Visualization Exercise 2.2b — Cut-Away, Arrows & Captions

Cut-Away, Arrows, and

Captions

COGNITION
2. SCIENCE
INSTRUCTION

Image Comprehension Focus: Cut-Away, Arrows and Captions

Goal: 1) To reinforce understanding of the cut-away and arrows, 2) To
reinforce the importance of captions

Type of Activity: Teacher Guided Student Activity

Overview: This exercise is designed to reinforce the students’
understanding of the cut-away as well as one way in which arrows can be
used in diagrams. This exercise will also help to emphasize the
importance of not skipping the caption when looking at a diagram.

(Continue to the next slide)
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Day 16 — Origins & Properties of Igneous Rock

Visualization Exercise 2.2b — Cut-Away, Arrows & Captions (cont.)

Fig 3, pg. 37

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher has students open their textbooks to Figure 3
on pg. 37 (shown above if the teacher wants to project it).

The teacher asks students what perspective this diagram is shown from,
and what is the perspective trying to show? [The perspective is a cut-
away (2D) and is an illustration of what happens to magma when it cools
at different rates as seen inside of the earth]

The teacher then asks students, what role do the arrows play in this
diagram? [The process of the magma cooling slowly and then turning
into the coarse-grained igneous rock]. The teacher emphasizes that
arrows are sometimes used to illustrate a process.

After going over the cut-away convention and arrows, the teacher can
then ask the students, in small groups, to write their own caption for the
diagram.

(Continue to the next slide)
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Day 16 — Origins & Properties of Igneous Rock

Visualization Exercise 2.2b — Cut-Away, Arrows & Captions (cont.)

Fig 3, pg. 37

COGNITION T
2. SCIENCE
INSTRUCTION

After each group shares their caption, the teacher can then have students
open their textbooks to Figure 3 on pg 37 (or project the above image).

The teacher can then lead a discussion about the similarities and
differences between their own captions and the caption in the textbook,
emphasizing the importance of always reading the caption because it
often contains information necessary to understand the diagram.

Note to teacher: This diagram can be easily misinterpreted, leaving
students with the impression that magma sinks down as it cools and
becomes more dense, which is not the case. Make sure your students
understand that the magma does not actually sink down.

(End of Activity)

COGNITION
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Igneous Rock Formations

This lesson covers the rest of section 2.2 (pages 38-39).

Big Ideas
* Intrusive igneous rock forms beneath Farth’s surface, where the
temperature is hot and cooling is slow.
* Extrusive igneous rock forms at or near Farth’s surface, where the
temperature is cooler and cooling is fast.

Materials

Teacher:
1. visualization exercises — dayl7.ppt

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 2.2c — Cut-Away & Labels
30 minutes — chapter 2.2, part 3

Chapter 2.2, part 3

From their study of Introduction to Matter, students should recall density as
heaviness-for-size, or the ratio of mass to volume. They should also remember
that density is a characteristic property of a material, which means it does not
change with sample size. In other words, if we were to determine the density of
one of the galena samples in the Holt kit, we should get roughly the same
number for all the other galena samples.
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Day 17 — Igneous Rock Formations

Warm-Up Activity

DEVA VS

When will a rock begin to melt?
When its temperature rises above its
melting point or when something happens
to lower its melting point to its current
temperature.

What can cause a rock's melting point to

change?
change in pressure; change in the rock’s
composition

cgéulflou Daily Warm-Up Exercises 15

Remind students that rocks have one temperature at which they start to
melt, but they must reach a higher temperature before they will melt
completely. When we say "melting point," we're talking about the
starting temperature.

If pressure decreases, will melting point increase or decrease?
decrease (substance will melt at a lower temperature)

Note to teacher: If the change in composition involves the addition of
water, the relationship between melting and pressure may change. If a
rock contains enough water, its melting point will decrease as pressure
increases.
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Day 17 — Igneous Rock Formations

Visualization Exercise 2.2c — Cut-Away & Labels

Cut-Away and Labels

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Cut-Away and Labels

Goal: 1) To promote understanding of one way that cut-away can be
used in diagrams, 2) the importance of labels in diagrams

Type of Activity: Teacher Guided Study Activity

Overview: This activity is designed to illustrate another way that the cut-
away convention can be used to illustrate points in diagrams that
otherwise would be difficult to see. Additionally, this exercise reinforces
the importance and function of labels.

(Continue to the next slide)
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Day 17 — Igneous Rock Formations

Visualization Exercise 2.2¢c — Cut-Away & Labels (cont.)

Fig 4, pg. 38

sill -~

Batholith Batholith

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher has students look at the altered image of Figure
4 from page 38 (shown above for the teacher to project).

The teacher first asks students what type of perspective is being shown
by the diagram and what the perspective is trying to represent. [This is a
cut-away (3D) that is trying to show the different shapes of common
intrusive bodies and their sizes relative to each other.] The teacher can
also ask the students why they think the author chose to use a 3D cut-
away as apposed to a 2D cut-away [Some students may simply responds
that it “looks cool” or it is more interesting to look at. However, there
are some other, more intentional reasons the author may have made this
choice. Some examples might be that the larger span of the batholith is
more easily seen in the 3D perspective; to emphasize that the horizontal
stripes represent continuous layers; this perspective shows the
underground source of the dike and also its long, ridge-like above
ground structure. |
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Day 17 — Igneous Rock Formations

Visualization Exercise 2.2¢c — Cut-Away & Labels (cont.)
The teacher then asks students to fill in the 2 missing labels [this should
be difficult to do].

The teacher asks if anyone was able to fill in the 2 missing labels. The
teacher has students turn to Figure 4 on page 38 of their textbooks and
use the information to fill in the missing two labels [Dike and Volcanic
neck]. The teacher again reinforces the importance of labels and how it
would be difficult to tell what these pieces of the diagram are without

the labels.
(End of Activity)
COGNITION
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Comprehensive Review

This lesson provides an opportunity for students to prepare for quiz 4, which is
a full-period quiz that will cover everything they’ve learned so far (section 5 of
chapter 3, all of chapter 1, and the first section of chapter 2).

Big Ideas
* See list of big ideas, Days 1-17.

Materials

Teacher:
1. vocabulary list — RE word list.doc
2. list of big ideas — RE big ideas.pdf

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — review chapter 1 and sections 3.5 & 2.2

Review Chapter 1 and Sections 3.5 & 2.2

After reviewing the meanings of vocabulary words and the big ideas from days
1-17, use the Chapter 1 review on pages 20 and 21 and the section review
questions on pages 85 and 39 to identify areas that need additional attention.
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Day 18 — Comprehensive Review

Warm-Up Activity

DEVARES

How do sedimentary rocks form?
Sedimentary rocks form when patrticles
settle in layers and get compacted and
cemented together.

What is a cementing agent?
a chemical that glues stuff together

Cgélllflou Daily Warm-Up Exercises 16

What happens when sediments are compacted?
they get squeezed into a smaller space

What squeezes the sediments?
the weight of all the layers that are on top of the sediments
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Quiz 4

Quiz 4 is a comprehensive assessment that covers section 3.5, chapter 1, and
section 2.2.

Big Ideas
See list of big ideas, Days 1-17.

Materials

Teacher:
none

Students:
1. Quiz 4

Activities & Allotted Time (40 minutes total)

40 minutes — quiz
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Day 19 — Quiz 4

Inside the Restless Earth cocs
STRUCTION

Quiz 4 — Page 1

. What does a numeric time scale show?

(a) How many years ago different events happened.
b. The locations at which different events happened.
c. How different parts of Earth's history compare to the whole.

. If you could travel back in time to when the Earth was first formed as a planet,

how many years back in time would you have to travel?
a. about 4.6 thousand years
b. about 4.6 million years
(©) about 4.6 billion years

. Which of the following correctly lists the organisms in the fossil record from

most recent to earliest?
a. reptiles, mammals, plants
mammals, reptiles, plants
c. plants, reptiles, mammals

. What type of minerals make up most of Earth’s crust?

silicate minerals
b. nonsilicate minerals
c. native elements

. One difference between rocks and minerals is

a. all minerals are elements and all rocks are compounds
b. all minerals are compounds and all rocks are mixtures
all minerals are pure substances and all rocks are mixtures

. A mineral that is composed of only one element is called a

a. gemstone
b. silicate mineral
(©) native element

. Which of the following is not a property of minerals?

a. naturally formed

(b) organic

c. crystalline

NITION
CIE
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Day 19 — Quiz 4

Quiz 4 — Page 2

Mrs. Smith’s class tested three minerals (A, B, C) for hardness.
This table shows their results:

. Scratched b Scratched b
Mincral ﬁngemail’?y penny? 4

A yes yes

B no yes

C no no

Which mineral is the softest?

(d) A
b. B
(oS

Suppose you found a new mineral (X). Which test would show whether X is
harder than all three of the minerals in question 8?
a. scratch X with A
b. scratch X with B
(©) scratch X with C

. Which of the following best describes what you would find if you could tunnel

deep down inside the Earth?
a. The mantle is rigidly solid because the extreme pressure prevents
solid rock from melting.
b. The mantle is completely liquid because the extreme heat melts
any solid rock that moves below the crust.
The upper mantle is rigid and the lower mantle is soft because
heat and pressure get more extreme the deeper you go.

igneous
D. metamorphic
c. sedimentary

. Whaape of rock is formed when molten rock cools and hardens?
@)

. What type of rock is formed when particles settle and get compacted and

cemented together?
a. igneous
b. metamorphic

@ sedimentary

Inside the Restless Earth ‘°°s'éilh°c'£
INSTRUCTION

2.2 — Igneous Rock
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Day 19 — Quiz 4

13. Granite forms deep below Earth’s surface, from slowly cooling magma.
What feature results from this process?
a. Granite has small crystals.
Granite has large crystals.
c. Granite has no crystals.

14. Based on the description in item 13, what type of igneous rock is granite?
a. extrusive
intrusive
c. could be extrusive or intrusive

15. When solid rock melts, it forms
a. lava

magma
c. sediments

16. What's the difference between rocks and minerals?

Minerals are elements or compounds: rocks are

mixtures. Minerals are inorganic; rocks can be organic

or inorganic. Minerals are crystalline: rocks can be

crystalline or amorphous.

N
C

Inside the Restless Earth cocs NC
STRUCTION

Quiz 4 — Page 3
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Day 19 — Quiz 4

Quiz 4 — Page 4

17. Note to student: We know you didn't learn this, but we want you to try to
answer the question based on the information in the diagram.

Cirus

>~ PP,
) Cumulenimbus ;
'\ Nimbostratus
l \ / i

\ /

| 2

|
1111, CUMulUS
|

1
I
|

|
. |
|

I

West East

mmm \Narm air rising
mmm Cool air sinking

M Warm front
A Cold front

As indicated in the diagram above, the weather fronts are moving from the
to the ]
a. north to south
(b) west to east
c. eastto west
d. south to north

Inside the Restless Earth co?&;hoclg
INSTRUCTION
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Sedimentary Rock

This lesson covers parts 1 and 2 of section 2.3 (pages 40-42).

Big Ideas
* Sedimentary rocks form when particles settle and get compacted and
cemented together.
* Sedimentary rocks form at or near Earth's surface.
* The particles that make up sedimentary rocks can be fragments of other
rocks, minerals that are dissolved in water, or the remains of organisms.

Materials

Teacher:
1. visualization exercises — day20.ppt

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity

5 minutes — visualization 2.3a — Arrows & Labels

5 minutes — visualization 2.3b — Zoom & Captions
25 minutes — chapter 2.3, parts 1 & 2

Chapter 2.3, parts 1 & 2
Most of the information in part 1 is a review of things students learned in the
Compare Rock Formation activity, so you should be able to elicit most of the
information from your students. The major new idea is that sedimentary rocks
form at or near Farth's surface, and that they form without the heat and
pressure that are involved in the formation of igneous and metamorphic rocks.
You might qualify that last statement, saying that sedimentary rocks form
without extreme heat and pressure. When layers of sediment accumulate, older
layers get compacted because of the pressure that results from the weight of
the newer layers pressing down on the older layers beneath them. So pressure is
involved, but it's not as extreme as the pressure found deep beneath Earth’s
surface.
2.3 - Sedimentary Rock 149 €O SCIENCE
: edimentary Roc L



Day 20 — Sedimentary Rock

Warm-Up Activity

Day 20

Why do some igneous rocks have large
crystals while others have small crystals?

Some form underground, where the
temperature is very warm. The magma
cools slowly, allowing large crystals to
form. Others form at or near the surface,
where the temperature is cooler. The lava
cools quickly, so crystals don’t have time
to get very big.

10N Daily Warm-Up Exercises 17

What's the difference between magma and lava?
Melted (molten) rock is called magma when it’s underground and lava
when it flows out onto Earth’s surface.

What type of igneous rock forms underground?
intrusive

What type of igneous rock forms at or near Farth's surface?
extrusive

COGNITION
£ SCIENCE
INSTRUCTION
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Day 20 — Sedimentary Rock

Visualization Exercise 2.3a — Arrows & Labels

Arrows and Labels

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Arrows & Labels

Goal: 1) To illustrate one way arrows may be used to illustrate
information in a diagram, and 2) Re-emphasize the importance of labels

Type of Activity: Teacher Guided Student Activity
Overview: The purpose of this activity is to illustrate one way in which
arrows can be used to show information as well as emphasize, again, the

importance and purpose of labels in a diagram.

(Continue to the next slide)
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Day 20 — Sedimentary Rock

Visualization Exercise 2.3a — Arrows & Labels (cont.)

Fig 2, pg. 41

E}EI;;I ) Classification of Clastic Sdimeniafy Rock

Congl Sand Siltstone Shale

Fine grained

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher has the students turn to Figure 2 on page 41 of
their textbooks. The teacher asks the students, what role do the arrows
play in this diagram? [These particular arrows help to show direction as
part of a scale.] The teacher emphasizes the point that arrows do not
always play the same role in diagrams and that students need to pay
attention to the particular role that the arrows play in each diagram that
they see.

The teacher then has students answer the following questions:
According to Figure 2, which of the following statements is correct?

* Conglomerate is more ‘coarse grained’ than Shale (True)

* Shale is more ‘coarse grained’ than Conglomerate (False)

* Shale is less ‘fine grained’ than Siltstone (False)

* Conglomerate is less ‘coarse grained’ than Sandstone (False)
The most ‘fine grained” sedimentary rock is . [Shale]
The most ‘course grained” sedimentary rock is . [Conglomerate]
What is the correct order of clastic sedimentary rocks from finest
grained to coarsest grained? [Shale, Siltstone, Sandstone, Conglomerate]

2.3 — Sedimentary Rock ) cgﬁsﬂﬂﬂ
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Day 20 — Sedimentary Rock

Visualization Exercise 2.3a — Arrows & Labels (cont.)
The teacher reviews the correct answers as necessary, emphasizing again
the specific role of the arrows in this diagram as well as the importance
of the labels, as well as the importance of having both the labels and the
arrows in this diagram.

(End of Activity)

Visualization Exercise 2.3b — Zoom & Captions

Zoom and Captions

COGNITION
2. SCIENCE
INSTRUCTION

Image Comprehension Focus: Zoom & Captions

Goal: 1) To again illustrate and ensure understanding of the zoom
convention, and 2) To re-emphasize the importance of captions

Type of Activity: Teacher Guided Student Activity
Overview: The purpose of this activity is to promote students’
understand of the zoom convention as well as to re-emphasize the role

and importance of captions when looking at a diagram.

(Continue to the next slide)
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Day 20 — Sedimentary Rock

Visualization Exercise 2.3b — Zoom & Captions (cont.)

Turn to Figure 4 on page
42 of your textbook

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher has the students turn to page 42 of the textbook
and has them take a few minutes to look at Figure 4, after which the
students should close their textbooks.

Next, the teacher has the students answer the following question:
* When organisms such as brachiopods die, their shells collect on
the floor of the ocean and form . [fossiliferous limestone]

The teacher asks students, either out loud or by show of hands, who was
able to answer the question. The teacher then has students turn back to
page 42 (shown on the next slide if the teacher wants to project it), and
points out that unless one had read the caption, it would have been very
difficult to answer this question. The teacher emphasizes again the point
that reading the caption can be crucial when trying to understand a
diagram.

(Continue to the next slide)
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Day 20 — Sedimentary Rock

Visualization Exercise 2.3b — Zoom & Captions (cont.)

set). Over e
jarge numbers of organisms, such as brachiopods, form.

COGNITION
ISIENCE

The teacher asks the students to look at the picture in the box below the
caption and asks students what they think the author was trying to do by
showing this smaller picture in the box. [The author was trying to show
something up close that otherwise would be very difficult to see.]

The teacher then can ask students to think about the conventions they
have learned so far (e.g. arrows, captions, zoom, cut-away, etc.), and asks
the students what convention would fit most with what the author has
used here by putting this picture in the box?

(Continue to the next slide)
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Day 20 — Sedimentary Rock

Visualization Exercise 2.3b — Zoom & Captions (cont.)

limestone (inset). Over [
emains of large numbers of organisms, such as brachiopods, form.

COGNITION
ISIENCE

After hearing the students’ answers, the teacher can project the above
slide to illustrate how the zoom feature could be used in order to show
the fossiliferous limestone that otherwise would be very difficult to see.

Next, the teacher can ask “what is being shown in the zoomed area? |a
fossil of a marine organism]

Ask “what part of the caption goes with the zoomed image? [The first
two sentences refer to the relationship between marine organisms and
the formation of fossiliferous limestone. They also end with the term
“inset,” which refers directly to the zoomed image]

Finally, the teacher can draw the students’ attention to the large-scale
photograph. Ask “what part of the caption goes with the photograph of
the mountain?” [the last sentence, which talks about the formation of
huge rock formations over time]

(End of Activity)
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Stratification

This lesson covers the last part of section 2.3 (page 43).

Big Ideas
* Sedimentary rock formations contain layers, or strata, which form through a
process called stratification.

Materials

Teacher:
1. visualization exercises — day21.ppt

Students:
1. sandstone cards — worksheet 13

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 2.3c — Captions
30 minutes — chapter 2.3, part 3 — Sedimentary Rock Structures

Chapter 2.3, part 3

Part 3 defines stratification as the process in which sedimentary rocks are
arranged in layers. Encourage your students to use the description cards from
the contrasting case activity to explain what that means and why it occurs. They
should recognize that the layers form because particles settle and form a layer,
just like undissolved sugar forms a layer at the bottom of a glass. Over time,
new layers form on top of old layers. The layers that form are called strata, and
the process that forms them is called stratification.
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Day 21 - Stratification

Warm-Up Activity

Day 21

How can sand being carried by a river
eventually become sandstone?

When the river slows, the sand settles
and forms a layer. Over time, new layers
of sand continue to form, pressing down
on older layers beneath them. The
pressure squeezes the grains of sand
tightly together, and a cementing agent
helps hold the grains together.

N Daily Warm-Up Exercises 18

What is a cementing agent?
a chemical that glues stuff together

Where do sedimentary rocks form?
on or near Harth's surface

What kinds of particles can become sedimentary rocks?
fragments of other rocks, minerals that are dissolved in water, or the
remains of organisms
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Day 21 - Stratification

Visualization Exercise 2.3c — Captions

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Captions

Goal: To understand the importance of captions as well as
understanding the features of a good caption.

Type of Activity: Teacher Guided Student Activity
Overview: The purpose of this activity is to help students understand
the importance of never skipping over captions when looking at

diagrams as well as understanding important features of captions.

(Continue to the next slide)
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Day 21 - Stratification

Visualization Exercise 2.3c — Captions (cont.)

Taken from page 43

Sedimentary rocks sometimes record the motion of
wind and water waves on lakes, oceans, rivers, and
sand dunes in features called ripple marks.
Structures called mud cracks form when fine-grained
sediments at the bottom of a shallow body of water
are exposed to the air and dry out. Mud cracks
indicate the location of an ancient lake, stream, or
ocean shoreline. Even rain-drop impressions can be
preserved in fine-grained sediments, as small pits
with raised rims.

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher has students take several minutes to read the
paragraph taken from page 43 of their textbooks that is shown on the
above slide for the teacher to project.

The teacher advises students that they should take notes on what they
believe to be the important points from the paragraph.

(Continue to the next slide)

] COGNITION
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Day 21 - Stratification

Visualization Exercise 2.3c — Captions (cont.)

COGNITION
ISIENCE

The teacher then projects the above slide of Figure 5 from page 43 that

is missing the caption.

The teacher then asks students, either individually or in groups, to
imagine that they are the authors of the textbook and to write a caption
for the image, using the information they have just read.

The teacher then asks students to share the captions they have written.
After students have shared their own captions, the teacher can have the
students turn to page 43 of their textbooks to look at the caption written
by the actual author of the textbook (shown on the next slide).

The teacher can have students compare/contrast their captions with that
of the caption in the textbook, emphasizing the importance of captions,
and that captions should never be skipped when looking at diagrams as
they often contain information that otherwise could not be obtained
from looking at the diagram alone.

(Continue to the next slide)
COGNITION

£ SCIENCE
INSTRUCTION
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Day 21 — Stratification

Visualization Exercise 2.3c — Captions (cont.)

COGNITION
IASIENCE

Figure 5 These ripple marks were made
by flowing water and were preserved when
the sediments became sedimentary rock.
Ripple marks can also form from the action
of wind.

(End of Activity)
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Skills Practice Lab

In this lesson, students complete the chapter lab described on pages 50-51.

Big Idea
* When particles settle, the heaviest particles tend to settle first, and the
lightest particles tend to settle last.

Materials

Teacher:
none

Students:
1. clay soil
2. fine sand
3. pebble gravel
4. clear plastic bottle with cap
5. water

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity

35 minutes — skills lab — Ler's Get Sedimental — pages 50-51

Skills Lab — Lez's Get Sedimental

In this activity, students mix gravel, sand, and clay particles in a clear plastic
bottle. They add water and shake the bottle until all the particles are mixed in
the rapidly moving water. They then place the bottle on a table top. The book
says to cut the top off the bottle and, in steps 5 through 8, to allow the water to
evaporate and the sediments to dry and harden. We suggest you omit this
portion of the activity. Instead, after shaking the bottle, have students set the
bottle down and immediately observe what happens. They may need to repeat
this part several times to enable everyone to see that the gravel tends to settle
tirst and the clay particles tend to settle last.
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Day 22 — Skills Practice Lab

Skills Lab — Lez's Get Sedimental

Use questions to help your students transfer this idea to a real-world situation.
For example, when a river is flooded because of heavy rains, it will turn brown
because the fast moving water picks up and carries all kinds of particles. As the
water slows, the heaviest particles will settle out, but the other particles are
carried further. As the water continues to slow, lighter and lighter particles
settle out.

Warm-Up Activity

Day 22

What is stratification?
the process in which sedimentary rocks
are arranged in layers

Why are sedimentary rocks arranged in layers ?
When particles settle, they form a layer,
like sugar at the bottom of a glass. Over
time, new layers form on top of old
layers. The bottom layer turns to rock,
then the next, and so forth.

10N Daily Warm-Up Exercises 19

Why does the bottom layer turn to rock?
The weight of all the layers above pushing down compacts the
particles, and a cementing agent helps hold them together.
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End-of-Section Survey — 2.2 & 2.3

activity

did as
des-
cribed

modi-
fied

didn't
do

comments

Day 13 Warm-Up
(page 100)

cc 2.1-Compare Rock Formation, part 1a
(pages 99-114)

Day 14 Warm-Up
(page 1106)

cc 2.1-Compare Rock Formation, part 1b
(pages 115-1206)

Quiz 3
(pages 128-129)

Reteach/Review Chp. 1.3
(page 127)

Day 16 Warm-Up
(page 131)

vis 2.2a—Arrows & Colors
(pages 132-133)

vis 2.2b — Cut-Away, Arrows & Captions
(pages 134-136)

chp 2.2, parts 1-2
(page 130-131 & Holt, pages 36-37)

Day 17 Warm-Up
(page 138)

vis 2.2c—Cut-Away & Labels
(pages 139-141)

chp 2.2, part 3
(page 137 & Holt, pages 38-39)

2.3 — Sedimentary Rock
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End-of-Section Survey — 2.2 & 2.3

activity

did as
des-
cribed

modi-
fied

didn't
do

comments

Day 18 Warm-Up
(page 143)

Comprehensive Review
(page 142)

Quiz 4
(pages 145-148)

Day 20 Warm-Up
(page 150)

vis 2.32 — Arrows & Labels
(pages 151-153)

vis 2.3b — Zoom & Captions
(pages 153-156)

chp 2.3, parts 1-2
(page 149 & Holt, pages 40-42)

Day 21 Warm-Up
(page 158)

vis 2.3¢ — Captions
(pages 159-162)

chp 2.3, part 3
(page 157 & Holt, page 43)

Day 22 Warm-Up
(page 164)

skills lab—ILet's Get Sedimental
(page 163-164 & Holt, pages 50-51)

2.3 — Sedimentary Rock
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Compare Formation 2

This lesson is the first half of contrasting case activity 2.4, which is called
Compare Rock Formation, Part 2.

Big Ideas
* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.
* Metamorphic rocks form deep beneath Earth's surface, where heat and
pressure get more and more extreme the deeper you go.

Materials

Teacher:
1. slides — day23.ppt
2. Grand Canyon Video, part 3

Students:
1. metamorphic cards — worksheet 17
2. metamorphic comparison tables — worksheets 18-19
3. shale, slate, & schist samples, if you have them
4. hand lenses

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — cc activity — compare rock formation, part 2a

Compare Rock Formation, part 2a

In part 1, (Days 13 and 14), students compared the formation of two igneous
and two sedimentary rocks, and they completed a comparison table for each
pair of rocks. In today’s activity, they will compare and complete a table for
two metamorphic rocks. In part 2b (Day 24), students will use the comparison
tables for all three rock types to investigate and depict the rock cycle.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 23 — Compare Formation 2

Warm-Up Activity

Day 23

Imagine a piece of sandstone buried 10 feet
deep and another piece of sandstone buried
10 miles deep. Would the pressure acting on
them be the same or different?
The pressure on the deeper rock would
be much greater. Beneath Earth’s
surface, both heat and pressure get more
and more extreme the deeper you go.

10N Daily Warm-Up Exercises 20

What is pressure?
a force or set of forces that is spread out over a surface; when
something is squeezing or pressing on something else

Why does pressure increase with depth?
The pressure is caused by the weight of everything above you.
The deeper you go, the more there is above you.

COGNITION
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Day 23 — Compare Formation 2

Compare Rock Formation, part 2a (cont.)

Compare Rock Formation, Part 2

Contrasting Case Activity 2.4

Inside the Restless Earth, Chapter 2

Cgélllflou Compare Rock Formation, Part 2 1

Materials needed:
*Grand Canyon Video, part 3
emetamorphic cards (worksheet 17)
emetamorphic comparison tables (worksheets 18-19)
ecompleted igneous & sedimentary comparison tables
from cc 2.2 (worksheets 15-16)
*rock cycle diagram & cut-outs (worksheets 20-21)
eshale, slate, & schist samples, if you have them
*hand lenses
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Day 23 — Compare Formation 2

Compare Rock Formation, part 2a (cont.)

Return to Trilobite Hunter

Are igneous rocks good for finding
trilobite fossils?

granite

pumice

No, because they are made of molten rock,
which is much too hot to preserve organisms.

10N Compare Rock Formation, Part 2 2

Return to Trilobite Hunter

Are sedimentary rocks good for finding
trilobite fossils?

sandstone

limestone

Yes, sedimentary rocks often contain fossils.

We have one more rock type to look at. This
type is found in some of the deepest layers of
the Grand Canyon.

cgﬁsléllgmlé Compare Rock Formation, Part 2 3
INSTRUCTION

At this time, show Grand Canyon Video, part 3.
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Day 23 — Compare Formation 2

Compare Rock Formation, part 2a (cont.)

Examine Cards
Slate Metamorphic
‘ What does “compact”

Slate forms when shale, a sedimentary rock, changes due to heat and m e an ?
pressure. This process happens deep beneath Earth's surface.

Shale is a smooth, hard rock with very fine grains arranged in layers.
e=i8.3/so smooth with very fine grains, but it is harder and more
na\e often contains fossils, but slate rarely does. The biggest

mmges that slate can be easily split into sheets of different

thicknesses. For this reason, it is often used to make roofing tiles and
paving stones.

Schist Metamorphic

squeezed into a ‘
small space e B

heat. This process happens deep beneath Earth's surface.

Slate is smooth, fairly shiny, and hard. Schist is rough and shiny, and
small pieces tend to flake off easily. The biggest change is in grain size.
Slate has very fine grains. Schist has medium to coarse crystals that are
flat and arranged in layers. Fossils are rarely found in slate or schist.

Distribute the metamorphic cards (worksheet 17) and ask students to
examine them. The circles and question will appear on keypress. Press a
key to display the answer.

Encourage students to compare their rock samples with the pictures and
descriptions on the cards.

Distribute the Compare Properties table (worksheet 18), and have
students work in groups to record the properties of the original rocks
(shale and slate) and the properties of the new rocks that are the same
and different.
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Day 23 — Compare Formation 2

Compare Rock Formation, part 2a (cont.)

Compare Metamorphic Cases

Question Same Different
Simim
= Use this Use this
case 1 = slate Usetnis | Lse e
information information that
. that is true is true about
Case 2 = SCh'St :‘:::(?::z;he about both | § one but not the
rocks. other.
Fill in the table by S

entering information
from the paragraphs |watseares

result from Schist —
to anSWer each this process?
question.
cgﬁsléllgmlé Compare Rock Formation, Part 2 5
INSTRUCTION

Distribute the comparison table (worksheet 19). As students work, ask
them to explain why metamorphic rocks rarely contain fossils. [fossils
are usually destroyed by the heat and/or pressure that change the rocks]

Metamorphic Rock Formation

Question Same Different

Slate — changes are caused by heat

An existing rock and pressure

How does the | changes due to

rock form? heat and/or Schist — changes are caused by
pressure. extreme heat

Slate — new rock is harder and
more compact; easily splits into

What features | Fossils are sheets of different thicknesses

result from usually . ) )
this process? destroyed. Schist — very fine grains become

medium to coarse crystals that
are flat and arranged in layers

Answers will appear separately on keypress.
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Day 23 — Compare Formation 2

Compare Rock Formation, part 2a (cont.)

“Metamorphic”

How do metamorphic rocks form?
Metamorphic rocks form when
an existing rock changes due
to heat and/or pressure.

slate

What do you think the word

“metamorphic” means?
Metamorphic comes from a
Greek word that means change
in form.

schist -

COGNITION Compare Rock Formation, Part 1 7

If your students need help with the second question, ask if they ever
learned about metamorphosis, in which caterpillars change into
butterflies. Or they may have heard the word morph in connection with
computer animations that change faces to other faces or science fiction
characters that can change from one form to another.

Return to Trilobite Hunter

Are metamorphic rocks good for finding
trilobite fossils?

slate

No, because fossils in the original rock would
usually be destroyed by the heat and/or
pressure that caused the rock to change.

Cgéullglou Compare Rock Formation, Part 2 8
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Day 23 — Compare Formation 2

Worksheet 17

Compare Rock Formation, Part 2 17

Slate Metamorphic

Slate forms when shale, a sedimentary rock, changes due to heat and
pressure. This process happens deep beneath Earth's surface.

Shale is a smooth, hard rock with very fine grains arranged in layers.
Slate is also smooth with very fine grains, but it is harder and more
compact. Shale often contains fossils, but slate rarely does. The biggest
change is that slate can be easily split into sheets of different
thicknesses. For this reason, it is often used to make roofing tiles and
paving stones.

Schist Metamorphic

Schist forms when slate, a metamorphic rock, changes due to extreme
heat. This process happens deep beneath Earth's surface.

Slate is smooth, fairly shiny, and hard. Schist is rough and shiny, and
small pieces tend to flake off easily. The biggest change is in grain size.
Slate has very fine grains. Schist has medium to coarse crystals that are
flat and arranged in layers. Fossils are rarely found in slate or schist.

. : COGNITION
Chapter 2 — Rocks: Mineral Mixtures I--.ASCIENCE
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Day 23 — Compare Formation 2

Worksheet 18 — With Sample Answers

Compare Rock Formation, Part 2 18

Compare Properties

) smooth & hard
gﬁgﬁgles - very fine grains
(original) grains are arranged in layers
often contains fossils

Properties of
SLATE
that are the same

smooth
very fine grains

Properties of harder & more compact
SLATE rarely contains fossils
that are different | easily splits into sheets

Properties of smooth; fairly shiny; hard
SLATE very fine grains

(original) rarely contains fossils
Properties of .

SCHIST Shiny

that are the same | rarely contains fossils

Properties of rough: small pieces flake of f easily
SCHIST medium to coarse crystals
that are different crystals are flat & arranged in layers

: : COGNITION
Chapter 2 — Rocks: Mineral Mixtures I-‘-.QSCIENc!
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Day 23 — Compare Formation 2

Worksheet 19

Compare Rock Formation, Part 2

Metamorphic — Slate & Schist

Question

Same

Different

How does
the rock
form?

Slate —

Schist —

What
features
result from
this
process?

Slate -

Schist -

Chapter 2 — Rocks: Mineral Mixtures
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The Rock Cycle

This lesson is the last part of the Compare Rock Formation contrasting case
activities.

Big Ideas

* Igneous rocks form when molten rock cools and hardens.

* Sedimentary rocks form when particles settle and get compacted and
cemented together.

* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.

* Weathering is when rocks break apart to form small pieces or bits.

* Erosion is when something like water or wind picks up loose bits of rock.

* Transport is when the water or wind carries the bits of rock to another place.

* Deposition is when the water or wind slows down and the loose bits settle.

* The rock cycle is a series of processes that cause rocks to change from one
type to another.

* Depending on what happens to it, any type of rock can change into any
other type of rock.

Materials

Teacher:
1. slides — day24.ppt

Students:
1. three comparison tables — worksheets 15, 16 & 19
2. rock cycle diagram & cut-outs — worksheets 20-21

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — cc activity — compare rock formation, part 2b

2.4 — Met hic Rock 177 ‘%’éﬂh‘%’é
4 — Metamo C ROC o
P! INSTRUCTION



Day 24 — The Rock Cycle

Compare Rock Formation, part 2b

In part 1, (Days 13 and 14), students compared the formation of two igneous
and two sedimentary rocks, and they completed a comparison table for each
pair of rocks. In part 2a, they compared and completed a table for two
metamorphic rocks. In today's activity, they use all three comparison tables to
investigate and depict the rock cycle.

Warm-Up Activity

Day 24

What is a fossil?
the remains or trace of an organism
embedded and preserved in a rock

Why do metamorphic rocks rarely contain
fossils?
Because fossils in the original rock will
usually be destroyed by the heat and/or
pressure that causes the rock to change.

COGNITION Daily Warm-Up Exercises 21

When particles settle, which ones tend to settle first?
The heaviest particles tend to settle first, and the lightest tend to

settle last.
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

Igneous Rock Formation

How do igneous rocks form?
Igneous rocks from when molten rock
cools and hardens.

How can you show the formation of
igneous rock on the Rock Cycle diagram?

Cgélllflou Compare Rock Formation, Part 2 1

Distribute the Rock Cycle diagram and cut-outs (worksheets 20-21).
Have students get out their igneous and metamorphic comparison tables
from part 1 (worksheets 15-16).

Tell students they will use the worksheets to create a diagram of the rock
cycle. Have them cut out the ovals from the cut-out sheet, then find the
one that shows how igneous rocks form and position it in the diagram.

COGNITION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

The Rock Cycle

Igneous Rock Metamorphic Rock

cools & hardens

I”.\I

Sedimentary Rock
. SCIENCE

COGNITION
INSTRUCTION 2

Molten rock cools and hardens to form Igneous Rock.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

Molten Rock Formation

What is molten rock?
Molten rock is melted rock.

How can rock melt?
Rock melts when it is exposed to the
extreme heat found deep underground.

What type(s) of rock can melt?
All three types.

How can you show this on the diagram?

Cgélllflou Compare Rock Formation, Part 2 3

Point out that rock usually melts between 600°C and 1600°C. When we
talked about the cross section of Earth, we learned that pressure and
temperature increase as you move toward the center of the Earth. Near

the border between the crust and mantle, the temperature is usually
between 800°C and 1200°C.

Have students find the appropriate oval and position it in the diagram.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

The Rock Cycle

Igneous Rock Metamorphic Rock

melts due to

extreme heat

Sedimentary Rock

Molten rock is formed when a rock melts due to extreme heat. The rock
that melts can be igneous, metamorphic, or sedimentary.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

Metamorphic Rock Formation

How does a metamorphic rock form?
A metamorphic rock forms when an
existing rock changes due to heat and/or
pressure.

What type(s) of rock can change to form a
metamorphic rock?
All three types.

How can you show this on the diagram?

COGNITION Compare Rock Formation, Part 2 5

Have students find the appropriate oval and position it in the diagram.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

The Rock Cycle

changes due

to heat &/or \
Igneous Rock pressure '\ Metamorphic Rock
4

/ ‘
cools & hardens/
melts due to
extreme heat

Sedimentary Rock
COGNITION

<. SCIENCE 6
INSTRUCTION

—7

molten rock

/'I

A metamorphic rock forms when an existing rock changes due to heat
and/or pressure. The rock that changes can be igneous, metamorphic, or
sedimentary.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

Grain Formation

Where does the sand in sandstone come from?
Existing rocks break apart into small particles
to form sand, silt, and other sediments.

What natural processes could break rocks into
small particles?
Physical weathering, like ice wedging,
abrasion, plant growth, and thermal
breakage. Also chemical weathering, like
when water & acids dissolve minerals

chulTlou Compare Rock Formation, Part 2 7

You may need to offer some hints to help students answer the questions
on this screen and the next. For example, you could ask what happens
when you put a full bottle of water in the freezer. Most students will
know that the bottle will break because water expands as it freezes. Ask
if something similar could break rocks. To help them understand
thermal breakage, you might compare it to potholes that form in the
spring, when days are warm and nights are cold.

After revealing the answer to the second question, use questions to elicit
a description of each process:

* Ice wedging happens when water seeps into cracks, freezes, and
expands, creating a wedge that breaks the rock apart.

* Plant growth can break rocks when roots grow in cracks, exerting
pressure that breaks the rock apart.

* Thermal breakage happens because a rock will expand when
warm and contract when cool. When this happens over and over,
the rock breaks apart.

* In chemical weathering, water and acids dissolve or change the
minerals that make up rocks, causing them to break apart.
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

Sediment Formation

Once the sediments are formed, how do
they pile up?
Through erosion, transport, and
deposition.

What type(s) of rock can weather, erode,
and settle?
All three types.

How can you show this on the diagram?

Cgélllflou Compare Rock Formation, Part 2 8

What is EROSION?
When something like water or wind picks up loose bits of rock.

What is TRANSPORT?
When the water or wind carries the bits of rock to another place.

What is DEPOSITION?

When the water or wind slows down, it releases or lets go of the
particles it is carrying. This is also called settling or sedimentation.

] COGNITION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

The Rock Cycle

to heat &/or
Igneous Rock pressure \ Metamorphlc Rock
\
weathers

cools & hardens erodes, moves
& settles

melts due to
extreme heat

./, I/'.\

Sedimentary Rock

Sediments form when an existing rock weathers, erodes, moves, and
settles. The rock that weathers can be igneous, metamorphic, or
sedimentary.

cosmnou
2 SCIENCE
INSTRUCTION

2.4 — Metamorphic Rock




Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

Sedimentary Rock Formation

Once the layers of sediment build up, two
processes change the sediments into a rock.
What is the first process?
New layers press down on old layers,
compacting the particles together.

What is the second process?
A cementing agent helps hold the particles
together.

How can you show this on the diagram?

Cgélllflou Compare Rock Formation, Part 2 10

What does COMPACT mean?
To squeeze or pack something together so it takes up less space.

What is a CEMENTING AGENT?
A chemical that glues stuff together.

Have students find the appropriate oval and position it in the diagram.

COGNITION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

changes due
to heat &/or \
Igneous Rock pressure \ Metamorphic Rock
/ \i \
weathers,
cools & hardens erodes, moves
\ & settles
melts due to get
extreme heat compacted &
cemented
together
Sedimentary Rock
COGNITION
<, SCIENCE 1
INSTRUCTION

Sediments get compacted and cemented together to form Sedimentary

Rock.
COGNITION
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Day 24 — The Rock Cycle

Compare Rock Formation, part 2b (cont.)

The Rock Cycle

changes due
to heat &/or \
Igneous Rock pressure '\ Metamorphic Rock
A \

\
weathers,

cools & hardens erodes, moves

& settles

/

get
compacted &
cemented

\ together
Sedimentary Rock

NCE 12

melts due to
extreme heat

Once your students complete their diagrams, ask, "What is the ROCK
CYCLE?" [a series of processes that cause rocks to change from one
type to another]

Encourage them to think about the rocks they’ve examined and how
they might fit into the diagram. For example, sandstone could melt due
to extreme heat, forming molten rock that could cool and harden to
form an igneous rock. If the sandstone were exposed to heat and
pressure, it would change into quartzite, a metamorphic rock. On the
other hand, if it were to undergo weathering, erosion, and settling, it
could change into another piece of sandstone.

Similarly, granite could weather to form sand. The sand could erode and
settle, then get compacted and cemented together to form sandstone. Or
the granite could change due to heat and pressure to form the
metamorphic rock gneiss. Or it could melt, then cool and harden to
form another igneous rock.

In other words, rocks can and do change from one type to another over
time.
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Day 24 — The Rock Cycle

Worksheet 20

The Rock Cycle Diagram

Igneous Rock

20

Metamorphic Rock

sediments

: . COGNITION
Chapter 2 — Rocks: Mineral Mixtures |.‘.,\vsmuc:
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Day 24 — The Rock Cycle

Worksheet 21

Rock Cycle Cut-Outs

changes due
to heat &/or
pressure

cools & hardens

get compacted

& cemented
together

melts due to
extreme heat

weathers,
erodes, moves
& settles

Chapter 2 — Rocks: Mineral Mixtures
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Quiz 5/Reteach/Review

This lesson provides an opportunity for students to review what they’ve
learned so far. For some, it may be an opportunity to understand an idea they
didn’t fully grasp the first time around.

Big Ideas
See list of big ideas, Days 1-24.

Materials

Teacher:
1. vocabulary list — RE word list.doc
2. list of big ideas — RE big ideas.pdf

Students:
1. Quiz 5

Activities & Allotted Time (40 minutes total)

10 minutes — quiz
10 minutes — go over quiz
20 minutes — reteach/review chapter 2.2 & 2.3

Reteach/Review Chapter 2.2 & 2.3

After going over the quiz and reviewing the meanings of vocabulary words and
the big ideas from days 1-24, use the section review questions on pages 39 and
43 to identify areas that need additional attention.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 25 — Quiz 5/Reteach/Review

Quiz 5 - Page 1

1. What type of rock can form at or near earth’s surface?
a. igneous
b. sedimentary
both igneous and sedimentary

2. The tiny holes in igneous rocks like pumice were formed by
(a) bubbles of gas that escaped when lava hardened
b. tiny worms crawling in mud that later hardened
c. extreme heat and pressure deep beneath Earth's surface

3. What type of rock can be made up of rock fragments, dissolved minerals,
or the remains of plants or animals?
a. igneous
sedimentary
c. metamorphic

4. Ripple marks in rocks are formed by
(a) flowing water and wind
b. heating and cooling
c. drying and cracking

5. The formation of layers in sedimentary rock formations is called
a. cementation
b. solidification
stratification

6. Weathering is when -
(a) rocks break apart to form small pieces or bits
b. loose bits of rock are carried from one place to another
c. loose bits of rock settle and pile up

NITION
CIENCE

Inside the Restless Earth cocs NC
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Day 25 — Quiz 5/Reteach/Review

Quiz 5 — Page 2

7. Note to student: We know you didn't learn this, but we want you to try to
answer the question based on the information in the figure.

Cumuboninbus

20,000 AGL.

Clowts with
I
Altocurmfius Dm\:l::«':eu
IAddie Clouds
6,500 AGL
Low Clouds
Stratus Ninbostratus Ul ‘%“%_!:;-: ooyt

Statocumubus

.1,

VR

iy

According to the above figure, which of the following would be considered a
"high cloud?”

. altocumulus
cirrocumulus
c. stratocumulus
d. cumulus

8. What is the rock cycle?

The rock cycle is a series of processes that cause

rocks to change from one type to another. Any type of

rock can change into any other type of rock.

Inside the Restless Earth CI °‘§'€{Ik‘%’£
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Origins of Metamorphic Rock

This lesson covers the first part of section 2.4 (pages 44-45).

Big Ideas
* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.
* When metamorphic rocks are forming, increased pressure can prevent
them from melting.

Materials

Teacher:
1. visualization exercises — day26.ppt

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 2.4a — Cut-Away

30 minutes — chapter 2.4, part 1 — Origins of Metamorphic Rock

Chapter 2.4, part 1

This section explains why metamorphic rocks don't melt even though they are
exposed to extreme heat. Today's warm-up is designed to help students
understand the relationship between heat and pressure. To provide further
support, you might have one group of students model the molecules of a rock
and another group model the pressure exerted on the rock by surrounding
rocks (form a circle around the rock and push inward). The rock particles
vibrate in place, like the particles of any solid. As the temperature rises, the
particles vibrate faster. They would move apart and change to liquid, but the
pressure holds them together. This explains why Earth's inner core is solid,
even though the temperature is nearly 5000°C. The extreme pressure at the
center of the Farth prevents the inner core from melting.

T o CocITION
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Day 26 — Origins of Metamorphic Rock

Warm-Up Activity

Day 26

Imagine you fill a syringe with warm water,
seal the tip, and pull out on the plunger.
What will happen?

bubbles will form; the water will boil

Why does this happen?
Pulling out on the plunger reduces the
pressure on the water. This lowers the
water’s boiling point, so it boils at a much
lower temperature than normal.

10N Daily Warm-Up Exercises 22

This warm-up is very similar to the warm-up for Day 16 in that it asks
students to recall and explain an activity from Introduction to Matter.
On Day 16, students learned that the relationship between pressure and
melting point is true for rocks, and that the opposite is also true: raising
the pressure raises a rock’s melting point.

We are returning to this idea today because it will help students
understand how metamorphic rocks can get hot enough to change and
still not melt. The extreme pressure acting on a rock deep underground
raises its melting point, so it remains solid. Remind students that rocks
have one temperature at which they start to melt and a higher
temperature at which they finish.

[Reminder to teacher: The relationship between melting point and
pressure also depends on how much water a rock contains.|
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Day 26 — Origins of Metamorphic Rock

Visualization Exercise 2.4a — Cut-Away

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Cut-Away

Goal: To quickly review students’ understanding of the cut-away
convention.

Type of Activity: Teacher-Guided Student Activity

Overview: This activity is designed to review and reinforce the use of
the cut-away convention.

(Continue to the next slide)
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Day 26 — Origins of Metamorphic Rock

Visualization Exercise 2.4a — Cut-Away (cont.)

Figure 2 Metamorphism occurs

over small areas, such as next to

bodies of magma, and over large
o areas, such as mountain ranges.

Contact metamorphism

Sedimentary rock

Regional metamorphism

COGNITIO!
2. SCIENC..
INSTRUCTION

Procedure: The teacher projects Figure 2 from page 45 (shown above).

The teacher then asks students, what type of perspective is this diagram
showing, and what is this perspective trying to illustrate? [This
perspective is a cut-away, specifically 3D. This perspective is trying to
illustrate an area of the earth’s crust where contact metamorphism can
occut.|

The teacher can ask the students, what advantage(s) does using the 3D
perspective have as opposed to using a 2D perspective? [Students may
recall the recent, similar image, and come up with several answers to this.
The teacher should talk about how using this 3D perspective allows
more to be seen or illustrated (such as the extension of the layers as well
as the mountain ranges on the top).]

(End of Activity)
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This lesson covers parts 2 and 3a of section 2.4 (pages 46-47) and includes a
quick lab.

Big Ideas
* Metamorphic rocks form when an existing rock changes because of heat
and/or pressure.
* Sometimes heat and pressure will cause the minerals in a rock to combine
and form new minerals.

Materials

Teacher:
1. visualization exercises — day27.ppt

Students:
1. black pen
2. paper
3. Silly Putty

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
5 minutes — visualization 2.4b — Symbols, Labels & Captions
3 minutes — visualization 2.4c — Labels & Captions
2 minutes — visualization 2.4d — Arrows & Captions
5 minutes — quick lab — Strezching Out — page 45
20 minutes — chapter 2.4, parts 2 & 3a

Chapter 2.4, parts 2 & 3a

Some teachers say the Silly Putty activity works better with pencil than black
pen. After the lab, tell students the putty is a pretty good model of very hot
rock. It maintains its shape, but if you let it sit for awhile, it will gradually take
the shape of its container, like a liquid. If you stretch it quickly, it will break.
But if you stretch it slowly, you can make it long and thin. If the temperature
rises higher or if the pressure on the rock is lowered, the rock will become
more and more like a liquid and less and less like a solid.
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Day 27 — Properties of Metamorphic Rock

Warm-Up Activity

Day 27

Both igneous and metamorphic rocks form
deep underground.

Is the above statement true or false?
Explain your thinking.
True, but igneous rocks can also form
on or near Earth's surface. For example,
pumice forms from lava that is released
when a volcano erupts.

Cgélllflou Daily Warm-Up Exercises 23

When an igneous rock forms deep underground, is it likely to harden
slowly or quickly?
slowly because it is extremely warm deep underground
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4b — Symbols, Labels & Captions

Symbols, Labels and
Captions

COGNITION
2. SCIENCE
INSTRUCTION

Image Comprehension Focus: Symbols, Labels, and Captions

Goal: 1) To understand the role/importance of symbols in diagrams,
2) Further emphasize the importance of labels and captions

Type of Activity: Teacher Guided Student Activity

Overview: The exercise will help students to understand how symbols
may be used in diagrams. In addition, this exercise will further
emphasize the importance of reading labels and captions when trying to
understand a certain diagram.

(Continue to the next slide)
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4b — Symbols, Labels & Captions (cont.)
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Procedure: The teacher projects Figure 3 on page 46 from the above
slide. Next, the teacher asks students to look at the diagram and answer
the following questions:

* What familiar mathematical symbols has the author used? [The
“+7 and “=* symbols]

* Why does the author use these symbols? After all, there are no
numbers here to “do math” with. [The author expects students to
know how to combine two numbers through addition in order to
get a new number. The author is using this familiar idea to show
how minerals can be “combined” with heat and pressure to
produce a new substance. The author is making an analogy —a
comparison of something unfamiliar and new, to something else
that is already well understood and is similar in some important
way.|

* What image does the author use to indicate ‘heat?’ [the flames —
again, the author is using something that is already familiar to the
readet]

COGNITION
£ SCIENCE
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4b — Symbols, Labels & Captions (cont.)
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* What image does the author use to indicate ‘pressure?’ [The vice,
which may be a problem. The author probably assumes that the
vice will be familiar to students, but students may or may not
know what a vice is. The teacher should explain that a vice is
something that is used to apply pressure or squeeze something.
The teacher may want to use examples of vices that some
students may be familiar with, such as using a vice in
woodworking or metalworking.

Note: While students will most likely understand that there is not an
actual vice under the ground and that this is merely symbolic, they
should be made aware that things inside the earth are not actually
burning or on fire, which is a common misconception.

Next, the teacher will direct students, either individually or in small
groups, using information from the labels and symbols, write a caption
to go with the above image of Figure 3.

(Continue to the next slide)
COGNITION
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4b — Symbols, Labels & Captions (cont.)
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Figure 3 The minerals calcite,
quartz, and hematite combine
and recrystallize to form the
metamorphic mineral garnet.

COGNITION
IASIENCE

After having students share their own captions, the teacher can project
the above image of Figure 3 with the original caption. The teacher can
then emphasize the importance of the symbols, such as the flames, vice,
as well as the plus and minus symbols, in addition to the labels, in being
able to understand the diagram.

(End of Activity)
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£ SCIENCE
INSTRUCTION

2.4 — Metamorphic Rock



Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4c — Labels & Captions

Labels and Captions

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Labels and Captions

Goal: To further emphasize the role/importance of labels and captions
Type of Activity: Teacher Guided Student Activity

Overview: This exercise is designed to further emphasize the important
role of labels and captions in diagrams, and that captions usually contain
important information about the diagram that otherwise would be

missed.

(Continue to the next slide)
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4c — Labels & Captions (cont.)

Fig 4, pg. 46

_ Chlorite
400°C
*  4to32 km

_—~Muscovite mica
700°C
5 to 34 km

_~Garnet
700°C to 1,200°C
25 to 60 km

COGNITION
ﬁmstlillt!

Procedure: The teacher projects the above image of Figure 4 from page
46 and asks students the following questions:

* What type of labels are the words in bold (Chlorite, Muscovite
mica, Garnet)? [Naming labels]

* What do the labels 400°C**, 700°C, and 700°C to 1,200°C have to
do with the diagram? [These are explanatory labels that are
explaining the temperatures at which these particular index
minerals are formed.]

* What do the labels 4 to 32km**, 5 to 34 km, and 25 to 60 km
have to do with the diagram? [These are explanatory labels that
are explaining the depth at which these particular index minerals
are formed.]

**Note to teacher: The teacher should be mindful that students may or
may not be familiar with metric abbreviations (Celsius and Kilometer),
and so further explanation/assistance with such terms may be necessary.

(Continue to the next slide)
COGNITION

£ SCIENCE
INSTRUCTION
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4c — Labels & Captions (cont.)

Taken from page 46

Many of these new minerals form only in
metamorphic rock. As shown in Figure 4, some
metamorphic minerals form only at certain
temperatures and pressures. These minerals,
known as index minerals, are used to estimate the
temperature, depth, and pressure at which a rock
undergoes metamorphism. Index minerals include
biotite mica, chlorite, garnet, kyanite, muscovite
mica, sillimanite, and staurolite.

COGNITION
2. SCIENCE
INSTRUCTION

The teacher has students read the above paragraph from page 46. If
necessary, the students will again try and answer the questions from the
previous slide, and the teacher can review the correct answers.

(Continue to the next slide)

COGNITION
£ SCIENCE
INSTRUCTION
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4c — Labels & Captions (cont.)

- Chlorite
400°C
4to 32 km

Figure 4 Scientists can under-
stand a metamorphic rock’s
history by observing the minerals
the rock contains. For example, a
metamorphic rock that contains
garnet formed at a greater
depth and under greater heat
and pressure than a rock that
contains only chlorite.

—~Muscovite mica
700°C
5to 34 km

-

_~Garnet

- 700°C to 1,200°C
25 to 60 km

COGNITION
ﬁmstlillt!

Next, either individually or in small groups, the teacher has students read
the caption for Figure 4 shown on page 46 (shown above if the teacher
wants to project it). The teacher asks students, either individually or in
small groups, to add information to the caption written by the author
that would make clear the purpose of the labels from the diagram.

The teacher can then lead a discussion which emphasizes not only the
importance of reading captions, which can contain information crucial to
understanding the diagram, but also emphasizes the idea of reading the
surrounding text that can accompany the diagram when one is unable to
understand the diagram alone.

(End of Activity)
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4d — Arrows & Captions

Arrows and Captions

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Arrows and Captions

Goal: 1) To illustrate one way in which arrows are used, and 2) Further
emphasize the importance/role of captions

Type of Activity: Teacher Guided Student Activity

Overview: This exercise will further students’ understanding of one way
in which arrows can be used in diagrams, as well as re-emphasize the
importance of always reading the caption when trying to understand a
diagram.

(Continue to the next slide)
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4d — Arrows & Captions (cont.)

Fig 5, pg. 47

Sedimentary Shale

Schist

COGNITION
ISIENCE

Procedure: The teacher has students look at the above altered image of
Figure 5 from page 47 and asks the students:

What role do the arrows play in the diagram? [This may be difficult to
answer without being able to see the caption. The arrows are showing a

change of rock type.]

(Continue to the next slide)
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Day 27 — Properties of Metamorphic Rock

Visualization Exercise 2.4d — Arrows & Captions (cont.)

Slate

Phyllite

Schist

COGNITION
2. SCIENCE
INSTRUCTION

After hearing student answers, the teacher has them turn to Figure 5 on
page 47, pointing out that it would be difficult to tell the role of the
arrows without the information from the caption. After students have
been given a chance to read* the caption, the teacher reviews the role of
the arrows in this particular diagram. [*Note: Students should be
directed to read the caption using their textbook, as the above image of
the caption may be too difficult to see.]

The teacher should emphasize, as in previous exercises, that arrows can
play different roles according to the diagram (e.g. change of state,
motion, a process, a relationship, etc.), and that it is important to focus
on the specific role of the arrows in a particular diagram, rather than
assuming that arrows function in only one way. Often, there will be clues
that will make the function of the arrows clear. In this case, the caption
provides the necessary information. But in other cases it may be in
explanatory labels, or the surrounding text, or made clear through use of
color. Emphasize that it is important to identify exactly what the arrows
are showing each time you come across a new diagram.

(End of Activity)

COGNITION
£ SCIENCE
INSTRUCTION
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28 Metamorphic Structures

This lesson covers the rest of section 2.4 (pages 48-49).

Big Idea
* Deformation is a change in shape that happens when heat and pressure
cause a rock formation to fold, bend, ot twist.

Materials

Teacher:
none

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — chapter 2.4, parts 3b & 4

Chapter 2.4, parts 3b & 4

You might begin this lesson by reviewing all the changes in a rock that can be
caused by extreme heat and pressure. Middle school students often have
trouble accepting the idea that rocks can change, so the more examples you can
show them, the more likely they are to understand the conditions and
outcomes that are described in this section.

COGNITION
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Day 28 — Metamorphic Structures

Warm-Up Activity

Day 28

Are metamorphic rocks good for finding
trilobite fossils?
No, because they form when an existing
rock changes due to heat and/or
pressure. Any fossils in the original rock
will usually be destroyed when the rock
changes.

10N Daily Warm-Up Exercises 24

What is a fossil?

a remnant or trace of an organism that is embedded and preserved in
a rock

What’s the difference between body fossils and trace fossils?
Body fossils are preserved remains of organisms. Trace fossils are
preserved impressions an organism made on its environment.
Body fossils tell us about an organism itself. Trace fossils tell us about
its behavior.

COGNITION
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Metamorphic Mash

In this lesson, students complete the modeling lab described on page 185.

Big Idea
* When a rock is changing because of pressure, its grains tend to line up
with each other.

Materials

Teacher:
none

Students:
1. stiff cardboard
2. modeling clay
3. plastic knife
4. sequins

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity

35 minutes — modeling lab — Metamorphic Mash — page 185

Note to teacher: The textbook says grains tend to line up perpendicular to the
strongest pressure or stress. This is incorrect because minerals respond to
strain, not stress. They actually line up perpendicular to the direction of
maximum shortening, which is not always perpendicular to the strongest
pressure.

For sequins, you could make little rectangles by cutting up a few disposable
plastic plates. Before applying pressure, the rectangles will be at random angles.
After applying pressure, the rectangles will all be horizontal.

COGNITION
£ SCIENCE
INSTRUCTION
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Day 29 — Metamorphic Mash

Warm-Up Activity

Day 29

All rocks form deep underground.

Is the above statement true or false?

Explain your thinking.
False. Sedimentary rocks form on or near
Earth’s surface. Also, some igneous rocks
form on the surface, from lava that is
released when a volcano erupts.

COGNITION Daily Warm-Up Exercises 25

What’s the difference between intrusive and extrusive igneous rock?
Intrusive forms beneath Earth’s surface, where the temperature is
very warm. Extrusive forms at or near the surface, where the
temperature is cooler.

Which would have larger crystals?
Intrusive, because cooling is slow, so crystals have more time to
grow.

COGNITION
£ SCIENCE
INSTRUCTION
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Quiz 6/Reteach/Review

This lesson provides an opportunity for students to review what they’ve
learned so far. For some, it may be an opportunity to understand an idea they
didn’t fully grasp the first time around.

Big Ideas
See list of big ideas, Days 1-29.

Materials

Teacher:
1. vocabulary list — RE word list.doc
2. list of big ideas — RE big ideas.pdf

Students:
1. Quiz 6

Activities & Allotted Time (40 minutes total)

10 minutes — quiz
10 minutes — go over quiz
20 minutes — reteach/review chapter 2.4

Reteach/Review Chapter 2.4

After going over the quiz and reviewing the meanings of vocabulary words and
the big ideas from days 1-29, use the section review questions on page 49 to
identify areas that need additional attention.

T - COGNITION
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Day 30 — Quiz 6/Reteach/Review

Quiz 6 — Page 1

1. Which statement best describes how sediments settle?
(a) The heaviest particles tend to settle first, and the lightest particles
tend to settle last.
b. The smallest particles tend to settle first, and the largest particles
tend to settle last.
c. All the particles settle at approximately the same time, regardless
of weight or size.

2. In which type of rock is the fossil imprint of a fern leaf most likely to be found?
a. igneous
b. metamorphic
sedimentary

3. What type of rock is formed when an existing rock changes because of heat
and/or pressure?
a. igneous
metamorphic
c. sedimentary

4. When a metamorphic rock is forming, why doesn't the rock melt and
become magma?
a. The minerals that make up the rock do not have a melting point.
@ The increased pressure raises the rock's melting point.
c. A cementing agent keeps the rock from changing to a liquid.

5. Which statement is true?
. Sedimentary rocks form on, near, or deep below Earth’s surface.
Metamorphic rocks only form below Earth’s surface.
c. Igneous rocks only form on or near Earth’s surface.

6. Metamorphic rocks with mineral crystals arranged in parallel layers or bands
are called 3
foliated
b. nonfoliated
c. stratified

Inside the Restless Earth ‘°°;'éi£h?:'€
INSTRUCTION
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Day 30 — Quiz 6/Reteach/Review

Quiz 6 — Page 2

7. Note to student: We know you didn't learn this, but we want you to try to
answer the question based on the information in the diagram.

Dinosaur Skeletons

Triceratops

1ft

According to the diagram above .
a. compsognathus was 1 foot long
b. triceratops was 1 foot long
c. compsognathus was larger than triceratops
triceratops was larger than compsognathus

8. What changes can happen to a rock because of heat and pressure?

Heat and pressure can cause the minerals in a rock to

combine and form new minerals. They can also cause a

rock formation to fold, bend, or twist. This change in

shape is called deformation.

NITION
CIENCE

Inside the Restless Earth cocs NC
STRUCTION

2.4 — Metamorphic Rock 219

L
INSTRUC



Earth Processes

This lesson covers parts 1 and 2 of section 2.1 (pages 28-29).

Big Ideas

* Weathering is when rocks break apart to form small pieces or bits.

* Erosion is when something like water or wind picks up loose bits of rock.

* Transport is when the water or wind carries the bits of rock to another place.

* Deposition is when the water or wind slows down and the loose bits settle.

* Uplift is when movements inside the Earth push rocks to the surface.

* The rock cycle is a series of processes that cause rocks to change from one
type to another.

* Depending on what happens to it, any type of rock can change into any
other type of rock.

Materials

Teacher:
none

Students:
none

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity
35 minutes — chapter 2.1, parts 1 & 2

Chapter 2.1, parts 1 & 2

Parts 1 and 2 are essentially a review of the rock cycle activity from Day 24, so
you should be able to use questions to elicit most of this information from your
students.
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Day 31 — Earth Processes

Warm-Up Activity

Process is a key word in today’s lesson, so it’s important that students

DEVACH

What is a process?
a series of events or actions that produces
an outcome

Name an example of a process.
Answers will vary. Examples include
baking a cake, digestion, a basketball
game, a caterpillar changing to a
butterfly

10N Daily Warm-Up Exercises 26

understand what it means.
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Compare Rock Cycle Diagrams

This lesson covers parts 3 and 4 of section 2.1 (pages 30-32).

Big Ideas
* The rock cycle is a series of processes that cause rocks to change from one
type to another.
* Depending on what happens to it, any type of rock can change into any
other type of rock.

Materials

Teacher:
1. visualization exercises — day32.ppt
2. rock cycle slide — included in day32.ppt (last slide)

Students:
1. rock cycle diagram — worksheet 20

Activities & Allotted Time (40 minutes total)

5 minutes — warm-up activity

5 minutes — visualization 2.1a — Labels & Color

5 minutes — visualization 2.1b — Arrows, Labels & Color
25 minutes — chapter 2.1, parts 3 & 4

Chapter 2.1, parts 3 & 4

Have students compare the rock cycle diagram from cc 2.4 (worksheet 20; last
slide of day32.ppt.) with the diagram on pages 30 and 31 of the textbook. In
the cc diagram, the rock cycle processes are in ovals. In the book, the processes
are on arrows, and some of the processes are different. For example, the book
shows three separate arrows for weathering, erosion, and deposition, and the cc
diagram has all three in one oval. The book also has pictures that show what
the products look like and where the processes occur.

The biggest difference is that the book diagram makes it look like there is only
one way to move through the cycle. The cc diagram shows that the order can

COGNITION
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Day 32 — Compare Rock Cycle Diagrams

Chapter 2.1, parts 3 & 4

vary. A sedimentary rock can change to a metamorphic rock, as the book
shows, but it can also melt to form magma or weather, erode, and settle to
form sediments. The paragraph at the top of page 30 says that the diagram
shows one way sand grains can change as different processes act on them, but
it is important that students understand that any type of rock can change into
any other type of rock.

Have students compare the diagram on page 32 with the other two diagrams.
The paragraphs say that rocks can follow different pathways and that each type
can change into any of the other three but, as students learned in the second
visualization exercise, the diagram doesn't quite show this. The igneous rock
has paths that lead to all three rock types. But there is no path fora
sedimentary rock to become another sedimentary rock or for metamorphic to
become another metamorphic rock. Ask your students how they could revise
the diagram to include those pathways.

Warm-Up Activity

Day 32

How can ice break a rock?
If water seeps into a crack and freezes, it
will expand. As it expands, it will push
out from the inside and break the rock.

How can a plant break a rock?
If a seed falls into a crack and sprouts, a
plant will grow. As it expands, it will push
out from the inside and break the rock.

COGNITION Daily Warm-Up Exercises 27

What is the process called that breaks rocks into pieces?
weathering
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1a — Labels & Color

Labels and Color

COGNITION
ﬁmstlillt!

Image Comprehension Focus: Labels and Color

Goal: 1) To re-emphasize the importance of labels in diagrams, and
2) Show one way in which color can be used in diagrams

Type of Activity: Teacher-Guided Student Activity/Teacher Comment
Overview: The purpose of this activity is to again emphasize the
role/importance of labels in diagrams as well as to show students one

way in which color can be used to show information in a diagram.

(Continue to the next slide)
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1a — Labels & Color (cont.)

Pages 30-31

-~ Sedimentary
4 Rock

Metamorphic
Rock

Magma
Igneous Rock

Sediment

Procedure: The teacher projects the above image from pages 30-31.

The teacher then asks students to pay particular attention to the
numbered boxes*, pointing out that these boxes contain explanatory
labels, as each label explains a particular aspect of the diagram.

The teacher then points out the list of naming labels to the right of the
diagram, and asks students, (either individually or in small groups), to
match the naming label to the appropriate explanatory label.

*Note: If it is difficult for students to read the explanatory labels from
the screen, the teacher should read each box aloud, then have students
select a naming label. This should be done one at a time for each box.

(Continue to the next slide)
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1a — Labels & Color (cont.)

Pages 30-31

COGNITION
ISIENCE

The teacher then has the students turn to pages 30-31 in their textbooks,
(and/or projects the above image), and has students check their answers.
The teacher makes the point that sometimes labels can make it easier to
talk about/point out pieces of a diagram, and that it could be difficult to
talk about specific pieces of this diagram without the naming labels.

(Continue to the next slide)
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1a — Labels & Color (cont.)

Pages 30-31

COGNITION
2. SCIENCE
INSTRUCTION

While still on the above image from pages 30-31, the teacher asks the
students, if there were no labels, how else might they be able to identify
the magma? [Students may have different answers to this. Here the
teacher would want to emphasize the use of color, and that if there were
no label, one could identify the magma because of the orange, red, and
yellow “fire” colors the author has chosen.]

Additionally the teacher can point out that the author has also chosen
different color tones for the Sedimentary Rock in order to illustrate
different layers. Another color/pattern has also been used to illustrate
the Metamorphic Rock.

The teacher can point out that it may be useful to take note of certain
color schemes as the author may choose to use the same scheme more
than once, thereby helping the student to understand similar points in
different diagrams. [To illustrate this, the teacher can have students turn
to Figure 2 on page 45 of their textbooks, which uses similar color
schemes as the above image.]

(End of Activity)
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1b — Arrows, Labels & Color

Arrows, Labels and Color

COGNITION
2. SCIENCE
INSTRUCTION

Image Comprehension Focus: Arrows, Labels and Color

Goal: 1) To enhance students’ understanding of how arrows can be
used in diagrams, 2) To re-emphasize the importance of labels, and
3) Show how color can be used to illustrate certain types of information

Type of Activity: Teacher-Guided Student Activity/Teacher Comment

Overview: The purpose of this activity is to illustrate different roles that
arrows can play in diagrams, and that arrows can show important
information that can enhance one’s understanding of the diagram.
Additionally the teacher can use this exercise to reinforce the importance
of labels as well as ways in which color could be used to point out useful
pieces of information.

(Continue to the next slide)
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1b — Arrows, Labels & Color (cont.)

Sedimentary rock

Metamorphic rock

COGNITION
2. SCIENCE
INSTRUCTION

Procedure: The teacher has students turn to Figure 3 on page 32 (shown
above if the teacher wants to project it). The teacher asks students, what
is the role of the arrows that are labeled (e.g. the arrows labeled ‘heat and
pressure,” ‘melting,’ ‘cooling,” ‘weathering and erosion’)? [These arrows
are being used to illustrate a change.]

The teacher then asks students, what is the role of the two arrows in the
middle of the diagram? [These arrows are also being used to illustrate a
change. For example, igneous rock can change into metamorphic Rock.]

The teacher should then take the opportunity to point out certain
characteristics of the different labeled arrows. For example, the teacher
can point out that the ‘weathering and erosion’ arrow actually appears to
weather as the pieces that make up the arrow are getting smaller.
Likewise, the arrow labeled ‘melting’ starts to become more red and
orange (like fire) as the metamorphic rock ‘melts’ into magma. The
opposite is true for the ‘cooling’ arrow which starts off as a red, but then
“cools down” into igneous rock.
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1b — Arrows, Labels & Color (cont.)
After pointing out these characteristics, the teacher can ask students if
they see any connections between these characteristics and the two
arrows in the middle. [If students have trouble with this, the teacher can
point out that the vertical arrow is turning from an orange to a red,
which could indicate melting. Additionally, the horizontal arrow appears
to turn from igneous rock into metamorphic rock.]

(Continue to the next slide)

2.1 — The Rock Cydl 230 COGNITION
DT S e INSTRUCTION



Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1b — Arrows, Labels & Color (cont.)

Sedimentary rock

Metamorphic rock

COGNITION
ﬁmstlillt!

After the students have become familiar with the arrows in the diagram,
the teacher can ask the students, can you think of any arrows that the
author could have added to the diagram, or that are missing from the
diagram? [Students may have difficulty answering this or may have
several different answers. For now, you are looking for students to
notice that there could be an additional arrow going from the igneous
rock into magma. Later you will discuss arrows that loop from
sedimentary straight back to sedimentary, and a similar looping arrow for
metamorphic rock.]

Once students have recognized that there should be an igneous-to-
magma arrow (either on their own, or with teacher prompting) ask them
what this arrow should look like. That is, if the author were to draw this
new arrow, using the same strategies they used for all of the other
arrows, what would it look like?

(Continue to the next slide)
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Day 32 — Compare Rock Cycle Diagrams

Visualization Exercise 2.1b — Arrows, Labels & Color (cont.)

COGNITION
ﬁmstlillt!

The teacher should indicate (shown above) how an arrow can easily be
added to demonstrate that igneous rock can change into magma. The
teacher should also point out that, while not shown in the above slide, in
order for the diagram to really be complete, there should be an arrow
going from the sedimentary rock back into itself, as well as an arrow
from the metamorphic rock back into itself.

After the teacher has pointed out how these arrows can be added, the
teacher should have students look at the heading, ‘Round and Round It
Goes.” The teacher should ask students in what way the heading could
be misleading. [It seems to imply that the cycle goes in only one
direction. However, as explained earlier, this is not the case.]

(End of Activity)
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