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/Geology of the National Parks, Quantitative

Literacy, and the Natural Resource Challenge

Geologic exercise development using real data

Geology of the National Parks (GNP) is an on-line introductory-level
geology course for non-science majors designed to teach geology in a
succession of exercises by capitalizing on student interest in parks
where geologic features and histories are so well displayed. In the
past, most exercises involved virtual field trips and included writing
assignments addressing specific questions about the trip. Currently,
GNP is being overhauled to bolster the quantitative literacy dimension
and gear more towards environmental geology by aligning with the
National Park Service Natural Resource Challenge through a series of
guantitative exercises using data collected at the parks. The exercises
are presented in a Spreadsheets Across the Curriculum module In
which students work with unit conversions, percent increase, ratios,
probability, recurrence intervals and other foundation mathematics
using the given data. To date, 21 modules have been developed
Incorporating data collected by researchers and made available
through eight National Park Service Research Learning Centers.

Ten title pages from the collection:
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Flood Days and Good Canoeing Days at
Congaree National Park

Pick a random day. What is the probability that the
water level of Cedar Creek will be within a particular
range then? Use USGS stream data to find out.

Core Quantitative Issue
Probability

Supporing Quantitativelssues
Workingwithreal data

Ratios; Percents

Variability

Core Geoscience Issue
Floods and flow frequency

Mark C. Rains', David C. Shalley?, and Len \acher'

*Departmeant of Gaoiogy, University of South Florkia, Tampa, FL 33520

*0ld-Growt Botiomiand Forest Resaarch and Sducation Camer, Congaras Natonal Park, Hopidns, SC 29051
© University of South Florida Uibraries. All rights reserved. 1

Example module:
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(' Glacier(?) NationalPark )

Disappearing Glaciers in a Warming Climate

Core Quantitative Literacy Topics
Interpolation and Extrapolation

rting Quantifative Literacy Topics
Proportion
Percent
Unit conversion

Core Geoscience Subject
Global change: glacial recession

Judy Mcirat
Dagartment of Gaology, Urivarsity of Soulh Fiorida, Tampa, FL 33520
© 2010. University of Soulh Florida Libraries, Tampa. All rights reservad.

Geology — Lewis Thrust Fault

The mountains of GlacierNational Park beganforming 170 millionyearsagowhen
compressional forces of colliding crustal plates shoved a huge, relatively strongrock wedge up
and over weaker rock. Withup to 80 kilometers of displacement, the strongerPrecambrian
rocks, several miles thick and several hundred miles wide, moved up and over thetop ofrock
layers Cretaceousinage. That's 1,500 millionyears differenceinage! Knownas the Lewis
Thrust, this structural feature provides insight into the tremendous geologicforcesthat have
shaped ourEarth throughtime. Considerable erosion has occurred onthe easternedge ofthe
thrusted Precambrianrocks, but Chief Mountain, an isolated erosional remnant remains.

Skefoh adapied by 2. Mamhak
from variouc courcecand uced
by parmiccion.

Animation of glacier recession

Watch the animation step throughtime from 1850 to 2100 and note the
disappearance of glaciers and the associated environmental changesthat occur.

By what year, accordingto the animation, dothe glaciers disappear? |

¢ g
From: Hall and Fagre, 2003
BloSclence 53: 131-140

Grinnell Glacier

One ofthetoolsthat scientists use to monitor changesin glaciersis repeat photography.
Scientists use this methodto detemine the change inarea of glaciers. Notethe visualchange
in the area of Grinnell Glacier from 1938 to 2006.

Grinnell Glacier
Glacier National Park, MT
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It is actually better to use volume to monitor the heslth of 3 Click hzre to see other
glacier, but due to variations in topography and ice thickness, methods used to

Glacial retreat

volume is very difficult to determine. monitor glaciers. Return to Slide 15

Extrapolation of the data indicate that Grinnell Glacier will disappear by the year 2039. New
findings indicate that Ifthe warmingtrend continues, glaciers withinthe park may disappear by
2020. Rapid retreat of mountain glaciers is occurring globally as well. By 2100, earth’s
surface could be as much as 10°F warmer than present, causing major changesto biota.

These plants and animals have adapted tothe
colder climates of high elevations and are
especially vuinerable to 3 warming earth.

Getting started

After completingthis module you

shouldbe ableto:

* Define giacier and climate.

* Listevidencefor globalwarmingas

= seeninthepark's glaciers.

* Know how to interpolate and
extrapolate data from a graph.

And you should also know where
Glacier National Park is.

Geology — rock exposures

Globally, Precambrian-age rocks have been extensively altered due to mountain building
processes. Butin Glacier National Park, many details of environmental processes, suchas
mud cracks, ripple marks, and raindrop impressions, that occumred on Earth over a billionyears
ago remain preserved, alongwith fossil algae. This makesthe park’sfreshly exposed rocks,
due to recent glacial scouring, a unique area forscientists to study climate changes through
geologictime.

Glacier recession

Global climate has changed rapidly with an average increase of 1.5°F overthe past 100 years.
While thisnumbermay seem insignificant, noticeable changes have occuredinthe glaciersin
the park. In 1850, glaciers numbered around 150. By 1968, the number droppedto 50. As of
20089, 26 glaciersremained.

Question1: Ofthe 150 glaciersinthe park OO I Chssier Bioe wnd Absrage Sumenss Tyaparsine
in 1850, what percentage remains in20097?

Question2: Whatisthe percent decrease
in the number of glaciersfrom 1850 to 1968
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Double click (Normal View) on the spreadsheet icon [T — o

above to access the template for this module. Save
the file to your computer to do the cakulations.

Not only have the number of glaciers
decreased, but the sizes of the remaining
glaciers have greatly decreased as well,

Enter an Excel formula in each of the orange cells. |

Retreating Grinnell Glacier

The United States Geological Survey (USGS) has area measurementsfor glacierswithinthe
park as far back as 1850. The graph below showsthe decreaseinareathroughtimefor
Grinnell Glacierand displays a second-order polynomial equationfitto the trend ofthe data.

Question3: Usingthe data provided (m2), | | Datawere notavailable for Grinnell for 1900.
whatis the area (km?, miles?, ft?) of " | | However, interpolation, a means of estimatinga
Grinnell Glacierfor eachyear given? value within a givenset of data, canbe used to
getan estimate ofthe area forthatyear.

Question4: Whatisthe estimated area (km?)

in | o | 2s0m14m of Grinnell Glacierfor 19007 (interpolate)
i < ey — Click here for help

Grinnell Glacier Substitute 1500 into
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-, was 1.60 km?, you would use the guadratic formuls and
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solve the Excel equation forx.

Cilick her=to learn how to obtain
and format the equation of 3 fine.

n

Warming impacts on the hydrologic

The hydrologic cycle will be affected as Drer climate affects
weil. Melt runoff from glaciers in soil moisture and
mountain environments provides more extends the overall
than 50% of the world’s fresh water fire season.
supply. Populations downstream depend
on this dwindling source not just for
drinking water, but also as a means of
dilution of pollutants generatad st lower
elevations. Asclimate wams, less snow
and more rain falls in winter. Spring
runoffis happening earlier, leaving less
waterfor the drier months, possibly
causing some streams to become
intermittent, impacting stream ecology.

What can youdoto help lower
greenhouse gas emissions?

Waming trends are not new. The earth penodicslly goes
through climate change, with the last glacial penod ending
~10,000 years ago. Greenhouse gases (CO,, CHy, N;O) are
thought to play a significant role in the rapid warming climate
overthe pastcentury. The buming of fossilfuels emits
greenhouse gssesintothe atmosphere, blanketing the earth,
and trapping in heat.
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Glacier National Park is part of the Waterton-Glacier Intemational Peace Park, whichwas
recognized as one ofthe world's great treasures by being designated a World Heritage Site in
1995. Here, Precambrian (Proterozoic)sedimentary rocks have been thrust upward and
eastward and now sit atop younger Cretaceous rocks. Erosional processes havecarvedthese
rocks into steep-sided mountains and valleysfilled with lakes, rivers, alpine meadows, and old
growthforests. Once, glaciers(huge rivers of ice) were abundantinthe park. Now, global
climate change threatensthe veryfeatures forwhichthe parkis named.

What is a glacier?

The glaciersthat carvedthroughthe rocksin theparkformedthousands of years ago. Glaciers
are masses oficethatlastyear round andflow under the influence of gravity. Theyform at
both highlatitudes and high elevations.

Over the pasttwo millionyears, glaciers formed and
melted away due to changes inclimate. Around
20,000 years ago the climate was cooler and/orwetter
allowingfor the growth of glaciersthat filledthe valleys
ofthe park withthousands of feet of snow sothat just
thevery highest peaks were exposed.

Climate is an average of

the weather over some
long period of time,
In rank order, the sx
hottest years on record
since the 1830s are:
ATPE 2005, 1588, 2002
The stromatolites in this photo : . .
formad on the seafloor and are now 2003.2006, and 2004.
3t an elevation of 7,600 fi.
Grinnell Glacier

Retreating Grinnell Glacier

The Excel graph equationcan also be used to extrapolate data. Extrapolation isan estimation
ofthe value of a variable outside a known data range. One could extrapolate the area of
Grinnell Glacierin the year 1800 by substituting 1800 in the equationforx and solvingfor y.
Extrapolation could also estimatethe year inwhich Grinnell Glacier's area was 2.50 km? by
substituting 2.50 into the Excel equationfor y and solvingthe guadraticformulafor x.

Question 5: Using extrapolation, inwhat yearwill Grinnell Glacier

disappear (0.0 km2)?

Remember that the Click here toread and
- quadratic formula ponder Mark Twain's
R contains 3 , 5o the anecdotal essay on the

< v [aimn | equation produces two dangers of extrapolation.
of || answers. One of them Click hers forhelp

i X 1
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Grinnell Glacier
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End-of-module assignment
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After completing each of the spreadshests in the module, use those same spreadsheets to answer the following
questions changing information, values, and units where appropriate:

1. Theestimated area of glaciers in North Cascades National Park was 218 km?in 1900, 117.3 km?in 1958,
and 109.1 km?in 1588. What per cent of glacial ice remains? What is the per cent decrease in the area of
glaciers in the park from 1900 to 19587 From 1900 to 15587

2. Thetemplate includes data for the Sperry Group. What is the area of the Sparry Group in km?, m#, and fi2.

Create an XY scatter chart of area (km?) vs. year with a second-order polynomial trendline, equation, and R?
value for the following:

3. Datawere not collectad in 1865. Using interpolation, what was the area of the Sperry Group for 1865 in
km?3? Place this value in cell C13 to cakulate the area in m?, mi and ft2.

4. Using extrapolation, in which year will the Sperry Group disappear?

Inquiry:

5. Shde 5 has a picture of 3 geologist sitting on an exposure of stromatolites. What are stromatolites?

6. What other methods are used to monitor glaciers (see link on Slids 10)7 Describe one of these other
methods.

Critical thinking:
7. Slide 9 states that the Salamander (3 glacier) broke away form Grinnell Glacier in 1529, forming two

separate glaciers. Which do you think is 3 better means of determining the state of the glaciers in the park.
The number of glaciers or the area of the glacial ice? Why?

8. Slids 13 states that the plants and animals adapted to life at high elevations are especially vulnerable. Why
are they?
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Mined-Over Matter

Remembering Copper Mining at Keweenaw National
Historic Park, Upper Peninsula Michigan

Core Quantitative Literacy Topics
Ratios

Supporting Quantitative Literacy Topics
Proportion

Percent

Unit conversion

Core Geoscience Subject
Miningand Miningimpadis

Judy Mcirath and Len \acher
Degartment of Gaology, University of South Florkia, Tampa, FL 33520
© 2009. University of South Flonida Uitraries, Tampa. All rights resarved.
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Mapping Coastal Vulnerability to Sea-Level
Rise at PointReyes National Seashore

Core Quantitative Lit Topi

Rank scales

Supporting Quantitative Literacy Topics
Average
Squareroot

CoreG = Subiect

Global Warming: Sea-LevelRise

Deparimant of Gaology, University of South Flarkda.
© 2010 University of South Fiarida Liraries. Al rights resarnved.
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Salmon Use of Geomorphically Restored
Streams at Point Reyes National Seashore

Does stream restoration increase coho salmon use of streams?
Use National Park Service salmon-use data to find out.

Core Quantitative Literacy Topics
Comparisors: absolute andrelative
differences

b S g Q titative Lif Tom
I ) Making graphs
. Percent differences

-
=N
—

St Core Geoscience Subject
i MRS Fluvial geomorphology; Fish habitat

o
. S o ..“"‘.J..."

Mark C. Rans
Department of Geology, University of Soulh Florkia
© 2010 University of South Fiarida Liraries. Al rights resarved.
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Shifting Sands: Quantifying Shorelineand Dune
Migration atindiana Dunes National Lakeshore

Using time-series aerial photos to determine the average
rate that the shoreline and dunes have moved inland.

Core Quantitative Literacy Topics
Weighted average

Supporting Quantitative Literacy Topics
Rate of change

Core Geoscience Subject
Coastal Erosion

Mark H. Horwitz
Depariment of Gaology, University of South Flarkia
© 2010 University of South Flarida Liraries. Al rights resernved.
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Yellowstone! A National
Parkon a Hot Spot

Core Quantitative Lit Topi

Probability (Recurrence interval)

Su rtin uantitative Lit Topics
Unit conversion
Percent

Core Geoscience Subject
Volcanism

Judy Mcirat
Department of Geology, Uriversity of South Flarkia, Tamgpa, FL 33520
© 2010 University of South Flonda Litraries. Al rights reserved
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Dunes, Boxcars, and Ball Jars:
Mining the Great Lakes Shores

Something is missing at Indiana Dunes National Lakeshore. Take a
trip back in time to see what once was and estimate what was lost.

Core Quantitative Lit Topi

Estimation

Supporting Quantitative Literacy Topics
Volume

Conversions

Scientific notation

Geometry

Core Geoscience Subject
Coastal Dunes
August 5, 1529 Mining

Tiftany M. Roberts
Department of Gediogy, University of South Flarkida, Tampa, FL 33520
© 2010 University of South Florida Ubraries. Al rights resanved.
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Take a Deep Breath on the Appalachian Trail
in Great Smoky National Park

How Many Molecules of Ozone Do You Inhale?

Core Quantitative Literacy Topics
Ratio and proportion

Supporting Quantitative Literacy Topics
Scientific notation

Unit conversiors

Graph reading

Orders of magnitude

Core Geo-Enrivonmental Issue
Air Pollution

Lan \Vacher, Departmant of Gealogy, University of South Flonda-Tampa
Susan Sachs, Appalachian Highiands Science Laaming Cemer, Gra3t Smoky Mountains Natonal Park
© 2010 University of South Flariia Libraries. All rights resenved.
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Getting to the Point

Exploring the Tectonic Motion of Point Reyes
National Seashore, California

Core Quantitative Literacy Topics
Numerical operations

Supporting Quantitative Literacy Topics
Proportion

Unit conversion

Logarithmicscale

Core Geoscience Subject
Earthquake geology

Judy Mchrat
Degariment of Gaology, Uriversity of South Florkia, Tamga, FL 33520
© 2009. University of South Fiorida Uitranies, Tampa. All rights reservad.
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A Percentage Strollthrough Norris
GeyserBasin, Yellowstone National Park

The variety of hydrothermal features provides
opportunity for a variety of percentage calculations

Core Quantitative Literacy Topics

Percentage

Su rting Quantitative Lit Topics
Unit conversions, logarithms

Core Geoscience Subject
Hydrothermalfeatures

Thomas C. Juster
Departmeant of Gaology, University of South Florda, Tampa, FL 33520
© University of South Flarkia Litraries. All rights resenved.
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Judy Mcllrath

Department of Geology, University of South Florida
© 2010 University of South Florida Libraries. All rights reserved.




