Full-Color Images for Learning to Read the
Earth and Sky

Figure 3.1

Experiment to create a wave-cut scarp, sandy beach, and muddy lake bottom in preparation for a field trip to see the
field evidence for the former presence of glacial Lake Agassiz
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Figure 3.3

Topographic maps for recording initial observations and a simulated student geological map
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Figure 4.6

Graph of seismic wave travel times versus surface travel distance
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Figure 5.1

Cross-sectional illustrations of normal and reverse faults
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Figure 5.8
Buffalo River (Minnesota) topographic map with hand-drawn topographic profile

Figure 5.9

Simplified conceptual geological cross-sections of the Grand Canyon




Figure 5.10

Geological maps and cross sections of Quarry Hill Nature Center in Minnesota and Somerset County in Pennsylvania
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Figure 5.11

(d)

[llustration of a contouring and spatial reasoning activity with barometric pressure data
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Figure 6.3

A simple classroom barometer
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Figure 6.7

Modification of a simple classroom barometer to improve performance




Figure 7.4

Simulated data trends for the four example models
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Figure 7.6

Model trend line showing the relationship between kinetic energy (mass and velocity) and crater diameter
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Figure 7.8

Simulation using the model illustrated in Figure 7.7 for the case in which 2 inches of rain falls in 2 hours over a
drainage basin 4 square miles in size with an average slope of 3%
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Figure 10.1
Rocks and images for the Edmontosaurus activity
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Figure 10.2

Rock from the Gale Crater on Mars

Figure 10.3
A simplified Hjulstrom diagram and the results of a group of fourth, fifth, and sixth graders doing an activity similar
to the one described in the “Lab Assignment” section but using only two sizes of particle
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Figure 11.3

Science reasoning challenge for Powell’s unit A rocks in the Grand Canyon
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Figure 11.4

First science reasoning challenge for Powell’s unit B rocks in the Grand Canyon
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Figure 11.5

Second science reasoning challenge for Powell’s unit B rocks in the Grand Canyon
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Figure 11.7
Modern cross-section illustration of the rocks at the Grand Canyon showing the relationship to Powell’s units A, B,
and C
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Figure 11.8
Pattern of sediment off the East Coast of the United States
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Figure 11.9
The Great Uncomformity: An angular uncomformity between Powell’s unit B rocks and the overlying Tapeats
Sandstone

Figure 12.3
Simple lab setup to allow students to use seismic methods to measure an unknown and unseen distance—the length
of the nonlatex elastic band string hidden within the long box
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Figure 12.4

High school-level activity based on Richard Oldham’s study of Earth’s interior

60°

20°

120°

180°

t=22min, d=12733km,
AV = km/sec

t=6min, d=3296km,
km/sec

t=11min, d=6366km,
AV = km/sec

t=15min, d=9004km,
AV = km/sec

t=18min, d=11028km,
AV = km/sec

t=21min, d=12297km,
AV = km/sec

t = travel time for a P-wave to a seismograph that is 30°, 60°, 90°, 120°, 150°,
and 180° from the earthquake, d = distance along chord, AV = apparent average
velocity along chord. Values are from Oldham, 1906 for ‘first phase’ = P-wave.

Discovering the Earth’s Core with Richard Oldham

1)

2)

3)

4)

5)

ApparentAverage Velocity
(km/sec)

Based on the measurements from Oldham, 1906,
calculate the apparent average velocity (AV) of the P-
wave along each chord.

Plot on the graph your velocities as a function of
angular distance from the earthquake.

Identify at what angular distance the P-wave begins to
pass through the core and explain how the result
provides evidence for a core.

Draw the location of the core on the cross section of
the Earth

Based on the data, is the velocity of P-waves in the part
of the Earth above the core constant or does it change
with depth?

If velocity changes with depth, how does it change and
what is your evidence?

11

10.5

=
o

bl
n

{4
n v

)

0 50 100 150 200
Angular Distance from Earthquake (degrees)

This activity, which uses data from Oldham’s study to engage students in a real research investigation, illustrates how
new data that do not fit within a preexisting model can be used to modify an old model or create a new one. In this
case, the model of a homogeneous Earth gave way to a model of an Earth with a core. The angular values in the figure
come from Oldham'’s original paper. Exact angular values—and size of the core—were refined by later studies.
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t = travel time for a P-wave to a seismograph that is 30°, 60°, 90°, 120°, 150°,
and 180° from the earthquake, d = distance along chord, AV = apparent average
velocity along chord. Values are from Oldham, 1906 for ‘first phase’ = P-wave.

Discovering the Earth’s Core with Richard Oldham
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5)
6)

See values.

See graph..

Waves first pass through the core at an angular
distance between 120 and 150 degrees. The sharp
change in velocity indicates a different material at
depth—the core.

See drawing.

The velocity of the P-wave changes with depth.

The P-wave velocity increases with depth, as seen by
the increasing AV for waves that travel through deeper
parts of the Earth’s interior.
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Figure 12.5
[llustration of the P- and S-wave shadow zones where P and S waves do not show up at seismic stations on the
opposite side of the Earth from an earthquake

goth pandS Wa'/es

1) laboratory experiments
show that S waves can't
travel through liquids but
do travel through solids;

2) seismographic
observations show that S
waves from earthquakes
don't travel (directly)
through the Earth's core;
and

3) therefore, Earth's core must
be liquid.

Figure 13.1
Common illustration of the phases of the Moon, as viewed from above the Earth’s North Pole (sizes and distances of
bodies are not to scale)

1st quarter

Waxing ‘/‘G\\‘\\
; N Waxing
gibbous
,& Q crescent
4
' L
/

/)

Full Moon $ g Q New Moon
\ ,'

\ /

/

Waning

Waning & . crescent
. ~
gibbous S ﬁ_,/ View from above Earth’s

3rd quarter North Pole.



Figure 13.3

[llustration of a model for the phases of the Moon, showing the time of day at different locations on the Earth (e.g.,
midnight on the side of Earth away from the Sun and noon on the side of the Earth toward the Sun) (sizes and
distances of bodies are not to scale)
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Figure 13.4

[llustration of a common misconception of the Ptolemaic (Earth-centered) model of the solar system, with only the
Earth, Sun, Venus, and the Moon shown (sizes and distances of bodies are not to scale)
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Figure 13.5
[llustration of the Ptolemaic model of the solar system, showing only the Earth, Sun, Venus, and Moon (sizes and
distances of bodies are not to scale)
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Figure 13.6

Simplified illustration of the Copernican (Suncentered) model of the solar system, showing the Earth, Sun, Venus,
and Moon (sizes and distances of bodies are not to scale)
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Figure 13.9
Model of the concept behind spectroscopy
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Example spectroscopy puzzle 1
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Figure 13.11

Example spectroscopy puzzle 2
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Figure 13.12
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Using measurements and trigonometry to determine the angle between the Moon and the Sun
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Figure 13.13

Example observational data record from which a lunar phase model can be constructed
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Figure 14.1

[llustration of a modeling puzzle in geochemical evolution

-
Green

Red= Ca0 4
- .

. L2

Oliyine
.
Crystals

Figure 14.2
[llustration of a modeling puzzle in geochemical evolution similar to that in Figure 14.1, but starting with a different
magma composition




Figure 14.6
Two experiments with two different kinds of sediment that address the question of whether the spilled pesticide
will get into Grandma'’s well

Gramma’s Well Experiments
Using red food coloring as our proxy for the deadly insecticide DEATH-X, and using cornstarch as a proxy for clay, we
can do two experiments to equilibrate water + sediment + DEATH-X and measure the partition coefficients that result.

5 drops red food coloring 5 drops red food coloring

stirred with 20ml loose stirred with 20ml loose
clay and 50 ml water After sediment settles, extract 20ml of water from each experiment  sand and 50 ml water

Figure 14.7

Manufacture of a set of standards by which the composition of water samples from the Grandma’s well experiments
can be measured

Grandma’s Well Experiments: Making Standards
All geochemical analyses involve comparing an unknown sample to a standard sample whose composition is known.
Here, we make 5 standards for red food coloring by adding 1-5 drops of red food coloring to 50 ml of water.

1drop w2 dropS<m

Light Red Deep Red

After stirring, 30 ml of red water are removed from each cup to leave 20 ml. The amount of standard is now less, but
the concentration remains the same. For example, 5 drops per 50 ml = 0.1 drops/ml regardless of the amount.

0.02 drops/ml ~ 0.06 drops/ml 0.1 dr;)ps/ml

Concentrations of unknown samples can be compared to the standards by putting 20 ml unknown sample in an
identical cup and comparing the intensity of the red color visually.



Figure 14.8
[llustration of the use of standards to analyze the concentration of red food coloring in the experimental water
samples for the Grandma’s well experiments

Gramma’s Well Experiments—Analysis of Compositions
Samples of water from the two experiments are compared to the standards in order to determine the concentration
of DEATH-X (red food coloring) in the water that equilibrated with sediment.

20m| of Standards: 0.02drps/ml, 0.04 drps/ml, 0.06drps/ml, 0.08drps/mland 0.1 drps/ml
Concentrationin sand

calculated by
difference:
Thereare 5 drops of
red food coloringin

50ml of water, leaving 0

Concentrationin clay
(cornstarch) calculated
by difference:

Thereis 1 drop of red
food coloringin 50ml of
water, leaving4 of the

original dropsin 20ml £ 20ml water 20ml water of the original dropsin
of clay, fora ‘ extracted from extracted from 20ml of sand, fora
concentration of the clay-water the sand-water concentration of
4drps/20 ml or & experiment experiment 0drps/20ml or

Odrps/ml.

0.2drps/ml.

Figure 14.9

Simplified version of Grandma’s well experiment from Figure 14.6 for younger students or shorter duration

Gramma’s Well Experiments—Qualitative Estimate of Partitioning

Results of experiments are estimated qualitatively without making standards or analyzing compositions
Might be more appropriate for middle school students

Light red color indicates Dark red color indicates

that most food coloring 20ml water 20ml water that most food coloring
stayed with the clay extracted from extracted from stayed with the water.
(cornstarch) the clay-water the sand-water

experiment experiment D sand/water<1

D clay/water>1




Figure 14.10

Model of a magmatic process and a hydrothermal process to concentrate gold
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Figure 15.4

[llustration of the nested relationship among the three NGSS earth science DCls, with superimposed big ideas
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Figure 16.1
Delta feature in a farm field associated with a storm that hit northwestern Minnesota in June 2000, showing the
relationships that were necessary to figure out before developing the question-asking game

Feature formed in a farm field in NW
Minnesota after 10 inches of rain fell in
about 12 hours.

uphill from
low place in
field.

SutfacesA -C.-andE form edbywaveactioneroding into-the farm field-ata vanety-of waterlevels€
Gully-B-eroded-downwardrapidly-becauseit-was-abovethelevel of the-standingwater?
Theflat-toppedfeature Dis-a-delta form edassedim entfilled-in-a low- area up to the surface of the standing-water.§

Becausethese featuresarerelatedto-changngwaterlevel-asthe-water-evaporatedand/orsoakedinto the ground.-
the first-eventstook placeatthe highest-waterlevel-(A-andD)-andthelatereventsatiower waterlevel (C-andE).€
The-wave-cutshoreline- of the little-pond cuts-acrossthe trend of the plantedrows—so,- the planted rows-had to-
com efirst.S

Thereisn't-much-deadplantm aterialpokingup from the pond. Thus. little-if-any plant growth-hadoccurred before-
the-storm andthe watersuppressedany growth-subsequentto the-storm ¢




Figure 16.2

Compression experiments with a Milky Way bar at room temperature

Compressional experiments with a Milky Way Bar
at room temperature showing localized thickening
with compression but little net change in volume.
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Figure 16.3

Compression experiments with a Milky Way bar at three different temperatures

Compression experiments with a Milky Way bar at
three different temperatures showing the change
in deformation style and strength with
temperature.

Room Temperature Floated in Hot Water Covered in ice+water

Outer crust breaks and Outer crust fractures only a Both outer crust and inner
fractures. Inner material little. Inner material deforms ~ material fracture.
deforms without fracturing  without fracturing.

Inner material squishes Inner material folds Bar is too strong to

and oozes, becoming upward—much easier to compress any more—
thicker as the bar is made  shorten the bar than at room resists force much more
shorter. temperature. than at room temperature.




