Teaching Scientific and Mathematical Thinking 
White Sands National Monument

Subject: Geology and Measurement
Topic:  Students will consider the processes by which the White Sands National Monument 	was formed.
NSTA Teaching Standards: A, B, C, D, E, F
NSTA Content Standards: 
	Unifying Concepts and Processes:
		K-12: Change, constancy and measurement
	Science as Inquiry
		K-12: Abilities necessary to do scientific inquiry
	Earth and Space Science
		K-4: Changes in earth and sky
		5-8: Earth's history
	Physical Science
		9-12: Motions and forces
	History and Nature of Science
		9-12: Historical perspectives
NCTM Standards
	Content Standards: Measurement and Geometry 
	Process Standards: Connections and Problem Solving
Teaching Procedures:
	Essential Questions:
		1.  How did the White Sands National Monument form?
2.  What living organisms can survive in the White Sands National Monument?
3.  How long did it take the White Sands to form?
	Introduction (Activating):
1.  Begin by showing the students the gypsum crystals and the sand samples. If you do not have any sand or samples, use handout #1. 
2.  Ask them what they think they have in common.  Have the groups discuss the possible relationship between the crystals and the sand.  Let the groups come to a consensus on the relationship.
Teaching Strategies:
1.   Locate the White Sands National Monument using earth.google.com.
2.   Using handout #2, show pictures of the White Sands National Monument and ask the students if they think that anything can live in this harsh and desolate environment.
3.  Ask the students how long they think the white sands have been there.
4.  Review the group responses on the relationship between the gypsum crystals and the sand.  Using handout # 3, explain how the crystals from Lake Lucero break up to form the white sands.  
5.  Use handout #4 to show the types of living organisms that inhabit the sands.
6.  Get the students ready to problem solving by asking them how long they think it has taken the sands to spread.  Use handout #5 as clues for them to use in solving the problem.  

	Closure:
1.   Have each group discuss their findings with the class.
2.   Students should write a summary of their conclusions with possible implications.

	Differentiated Instruction:
1.  As the students are working in groups, circulate to assist when needed.
2.  Multiple intelligences addressed:
A. Verbal/Linguistic:  Students communicate in groups and write about their findings.
B. Logical/Mathematical:  Students use ratios to problem solve.
C. Spatial:  Students use scaled maps to measure area.  
D. Musical/Rhythmic:  Students use patterns and algebra to approximate dune formation.
E. Interpersonal:  Students work in groups.
F. Intrapersonal:  Students reflect in journals.
G. Bodily/Kinesthetic:  Students touch the sand and gypsum to note similarities and differences.
H. Naturalist:  Students explore nature as they study the White Sands National Monument.

	Lesson Assessment:
1. Use the attached rubric for assessing the written analysis of the experiment.  (optional)
2. Use the discussion guide as an assessment.  (optional)


	Materials/Resources
1. White Sands Activating Activity Handout #1
2. White Sands Handout #2
3. Lake Lucero Handout #3
4. Can Anything Live Here? Handout #4
5. Reflection of Scientific and Mathematical Thinking
6. Essay Scoring Rubric 
	







Handout #1
White Sands Activating Activity

[image: Gypsum%20selenite]

												
Synonms for GYPSUM:  Selenite, satin spar, and alabaster
[image: sand1]











White Sands National Monument 
Handout #2                                                 The White Sands National Monument    page 1
[image: aldo and mary kay at whitesands]
Aldo and Mary Kay Bacallao at White Sands National Monument June 6, 2004
[image: Full%20Moon%20at%20White%20Sands]
White Sands, Photo Courtesy of National Park Service
Handout #2									             page 2
[image: Dune%20scenic%201]
Dunes Courtesy of National Park Service
[image: aerial-barchans]
Aerial View Courtesy of National Park Service
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[image: barchan]
Dunes Courtesy of National Park Service
























Handout #3  Lake Lucero and the Gypsum Sand and Crystals                                 
[image: lake]
Lake Lucero Courtesy of National Park Service
[image: Lucero]
Lake Lucero Gypsum Crystals Courtesy of National Park Service
Lake Lucero, formerly Lake Otero, crystals break apart and form the gypsum sand dunes. 
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[image: 29CAA3DE]
Exploring White Sands National Monument, by Mary Maruca, 1997, p. 4
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[image: Sumac]
Sumac Pedestal Courtesy of National Park Service

[image: roads]

Road Runner

[image: http://www.nps.gov/archive/whsa/Animal%20List/tarantula.jpg]
White Sands Tarantula
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[image: Earless Lizard 2.jpg-Bleached Earless Lizard]
Earless Bleached Lizard

[image: kitfox]
Kit Fox

[image: beetle]
Darkling Beetle
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[image: massasauga]
Massasauga Rattler


[image: plainsspade]
Plains Spadefoot Toad


[image: pallidbat]
Pallid Bat
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[image: bobcat]
Bobcat

[image: sverbena]
Sand Verbena

[image: primrose]
Yellow Evening Primrose
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[image: clartcup]
Claret Cup Hedgehog Cactus
Flowers from late April to mid-May
[image: xmas]
Christmas Cholla
[image: yuccabloom]
Yucca
Handout #4										page 7
[image: rabtbrsh]
Rabbitbrush  Blooms in Fall

[image: aster]
Asters  Blooms in Fall

[image: globemallow]
Globemallows Blooms in Fall
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[image: WhiteSandspupfish-1]
The White Sands pupfish (Cyprinodon tularosa Miller and Echelle 1975)

[image: pupfish%20habitats]
The White Sands pupfish is found four localities located in the Tularosa Basin of New Mexico:  Malpais Spring, Salt Creek, Mound Spring and Lost River

Courtesy of National Park Service
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How long did it take the white sands to expand to where they are today?
There is a clue on this page.							
[image: 22CF3872]
White Sands New Mexico, by Emerson Kent, 2007
Handout #5									page 2
Here is another clue. 
[image: 8E2CF00A]
Exploring White Sands National Monument, by Mary Maruca, 1997, p. 5

[image: 9442474A]
The photo is taken from the LANDSAT satellite from the Museum book entitled, White Sands, New Mexico, 2007


White Sands National Monument
Essay Scoring Rubric

Name________________________				Date_________________

How long do you think it has taken for the white gypsum sand dunes to form from the crystals found in Lake Lucero?  How long do you think the pupfish have been there?

	
	Not Evident (0)
	Needs Work (15)
	Acceptable (20)
	Exemplary (25)

	Mathematical Thinking
	There is no evidence of mathematical thinking.
	The mathematical thinking is not expressed clearly or is expressed erroneously.  
	The mathematical thinking is correct.
	The mathematical thinking is expressed correctly and in detail.

	Calculations
	No calculations are present.
	The calculations are incorrect.
	The calculations are correct.
	The calculations are correct and detailed.

	Scientific Reasoning
	No scientific reasoning is present.
	The scientific reasoning present is incorrect.
	Scientific reasoning is correct.
	Scientific reasoning is correct and detailed.

	Written Expression
	The essay is not related to the topic or the essay is incoherent.
	The writing is minimally coherent and/or has many grammar, punctuation, or spelling errors.
	The writing is coherent, clear and understandable with few grammar, punctuation or spelling errors.
	The writing is coherent, clear, expressive, and persuasive with no errors.  

	
Total
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How big was Lake Otero?

It covered sixteen hundred square miles at one time,
a little more territory than Rhode Island.

Did Lake Otero evaporate like
the ocean before it?

You bet. Lake Otero almost dried up. What

Soft selenite crystals remains is now Lake Lucero. It is a playa—a lake
lie along the borders of  bed that stays dry unless a lot of rain falls in a short
Lake Lucero. amount of time. Gypsum crystals known as

selenite remain behind whenever water in

Lake Lucero dries up. The big, amber
crystals are from the time of Lake Otero,
the small and translucent ones from the
time of the current lake.

Where did the dunes
come from?

After Lake Otero evaporated, a strong
southwesterly wind moved in, blowing
vigorously across the land for thousands of
years. Pieces of exposed gypsum broke off
and the wind eventually wore them away to a

size it could pick up and carry for short dis-
tances. We call this hopping motion of sand

saltation. Wherever the wind dropped sand,

or the grains ran into an obstacle, dunes

formed.
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VISITTHE SANDS

Should you decide to visit the Sands
you will be in good company.
Scientists and geologists have been
studying the phenomenon of White
Sands for over 100 years and admit
thatthey are still learning.

There is an admission fee to enter
the park and your ticket will be good
forsevendays.

Visitors can either rest at the
specially created picnic areas or
drive their vehicles into the dunes.

The Visitor’'s Center provides
information about the formation of
the dunes, the plants, animals,
geology, and origin of White Sands,
and much more.

Also available in the Visitor's Center
and highly recommended are the
“Snow Disks” - fun, round objects
upon which you can slide down the
dunes.

Children are very welcome. As early
as the 1930s, Park Ranger John
Faris saw the need to “make

information about White Sands
easily understood for the little ones.”
Today, Park Rangers are leading
special tours for kids.

Guided tours, talks, slide shows, full
moon programs, star observation,
and moonlight bicycle tours are
available for everyone.

However, the most appealing
activity on the monument comes
from the dunes themselves. They
move approximately 30 feet (9
meters) each year to the northeast.

All photos Rob Roberts, except: Page 5: Gypsum Crystal - Courtesy of Smithsonian Institute; Page 7: Globe and Page 14: Map - USGS; Page 7:
LANDSAT satellite; Page 8: Map, Page 9, Page 10: Skier and A. Fall, Page 11, Page 13, Page 15: Full Moon - Courtesy White Sands National
Monument; Page 12: Brick mill - CA and Roy Gililland; Page 14: Spacecraft - NASA; Page 17: Oryx - Refuge Wildlife Biologist, M. Weisenberger;

Page 19: Tory Davis

Sources: Welsh, Michael. Dunes and Dreams: A History of White Sands National Monument. Professional Paper No. 55. Santa Fe, New Mexico:
National Park Service, Division of History, 1995. Also: Fryberger, S.G. Geological Overview of White Sands National Monument.
Mangimeli, John. Geology of Sand Dunes. Eidenbach, Peter L. The Culture History.

Al sources accessible through the National Park Service website nps.gov/whsa/

Special thanks to the Chief of Interpretation, Ranger John Mangimeli, the Manager of the WNPAB, Anette Dunshee, and all fine folks at White Sands.

WHITE SANDS - PAGE 18
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If I were a sand dune, what kind
of sand dune could I be? -

here are four to choose from. If you’re young 9
and fast-moving, then dome-shaped dunes are

for you. Because they are small and have little or no
vegetation to slow wind speed, these dunes move

Dome-shaped dunes

the fastest, covering distances of up to 40 feet a year.
If you like to be with your friends you

might prefer the transverse dunes. These
dunes form in long lines across the dune
field and can reach a thicknéss of 400 feet
and a height of 60 feet—an awesome
sight. However, they can only manage

to move 12 feet a year.

Barchan dunes are for those who like to stay
out in front. These dunes look like slingshots about
to be released. Sand in the two farthest arms of the
formation moves faster than sand in the center. Again
these dunes can move 12 feet a year.

The final dune form, the parabolic dune, is
like a barchan dune reversed. It is shaped like a
slingshot that has just been released. Parabolic
dunes form when vegetation anchors sand in the
arms but the middle section continues to
advance, sometimes as much as 900 feet
ahead of the rest of the dune. Parabolic
dunes are the old timers of the dune field,
progressing no more than from 2 to
8 feet annually.

Parabolic dunes
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